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THE   DIRECTOR'S  REPORT 


Fiscal  Year  1985  marked  the  irtplenientation  of  a  reorganization  of  the  programs  of 
the  National  Institute  of  General  Medical  Sciences  (NIGMS) .  In  order  to  fully 
realize  the  potential  of  scientific  opportunities  in  the  bicphysical  sciences,  a 
new  program  area  was  established,  the  Biophysics  and  Physiological  Sciences  (BPS) 
Program.  It  replaced  and  incorporated  the  research  and  research  training  activi- 
ties of  the  former  Physiology  and  Bicmedical  Engineering  Program,  as  well  as 
those  aspects  of  the  other  programs  vi^ch  enphasize  bicphysical  studies.  Dr. 
Marvin  Cassman  was  appointed  as  the  Director  of  this  Program.  This  reorganization, 
v*iile  capitalizing  on  the  rapid  growth  in  the  bicphysical  sciences,  also  allowed 
for  a  better  balance  among  the  various  programs.  In  addition,  a  very  large 
number  of  the  Institute  staff  have  responsibilities  in  more  than  one  program 
area,  thus  enhancing  the  collaborative  and  cooperative  efforts  among  the  programs. 
This  is  particularly  inportant  in  an  Institute  vihich  supports  basic  research  in 
the  sciences  v\^ch  will  ultimately  be  of  inportance  to  the  missions  of  the  other 
institutes  of  NIH.  For  it  is  clear  that  the  research  supported  by  NIGMS  is  a 
ccsitinuum  v^ich,  for  administrative  neatness,  must  be  divided  into  discrete  pro- 
gram areas  but  vvhicih  dovetail  and  flew  into  each  other.  Thus  the  collaboration 
among  the  staff  is  of  great  inportance  to  the  total  enterprise. 

The  scientific  opportunities  in  the  biomedical  area  continue  to  increase,  and  the 
NIGMS  ranains  dedicated  to  supporting  primarily  investigator-initiated  research 
as  well  as  multidisciplinary  research  training  of  the  hii^est  quality.  This  is 
best  illustrated  by  citing  the  support  that  the  Institute  provided  in  the  mid- 
1970 's  for  the  study  of  steroid  receptors  on  the  cell  membrane  ty  Michael  Brcwn 
and  Joseph  Goldstein.  This  fundamental  research  led  to  specific  studies  of 
familial  hypercholesterolemia  and  of  coronary  artery  disease  by  these  two  scien- 
tists vv^iich  have,  in  more  recent  years,  been  supported  by  the  National  Heart, 
Lung,  and  Blood  Institute  and  culminated  in  the  aweird  of  the  1985  Nobel  Prize  in 
Physiology  or  Medicine  to  Drs.  Brown  and  Goldstein. 

The  uncertainties  regarding  the  availability  of  funds  for  research  grants  v*iich 
were  in  effect  through  all  but  the  last  months  of  FY  1985  provided  a  challenge  to 
the  staff  in  regard  to  the  setting  of  funding  priorities  and  in  maintaining  a 
calm  and  appropriate  dialog  with  members  of  the  scientific  cotrnunity.  The 
excellence  of  the  members  of  the  staff  and  the  helpful  and  syirpathetic  attitudes 
they  displayed  v^hile  still  carrying  out  their  oversight  responsibilities  showed 
professionalism  of  the  hi^est  order,  and  they  deserve  great  praise. 

The  staff  of  the  Office  of  Review  Activities  had  a  heavy  burden  during  this 
fiscal  year,  as  it  did  in  FY  1984,  since  the  vast  majority  of  the  active  training 
grants  were  up  for  renewal  in  FY  1985.  In  spite  of  heavy  workloads,  the  staff 
was  able  to  carry  out  careful  reviews  regarding  the  quality  of  research  training 
at  those  institutions  applying  for  initial  or  renewal  grants.  Since  the  nurriber 
of  awards  that  can  be  made  is  quite  limited,  these  reviews  were  of  extreme  inpor- 
tance in  the  final  decisions. 

The  Institute  continues  to  support  certain  resources  v^^ich  provide  the  scientific 
comnunity  with  needed  materials  or  data  to  enhance  research  endeavors.  Two  re- 
search contracts,  the  Nucleic  Acid  Sequence  Data  Bank  (GenBahk®)  eind  the  Human 
Mutant  Cell  Repository,  serve  this  purpose  and  are  carrying  out  their  functions 
in  this  regard  very  well.  Particular  thanks  are  extended  to  Dr.  Christine  Carrico, 


viiio  has  served  so  well  as  project  officer  of  GenBarik®  for  the  past  three  years 
and  v*io  will  now  relinquish  this  role  to  Dr.  James  Cassatt. 

PERSCMSIEL  CHANGES 

Appointments 

Dr.  Christine  Carrico,  Director,  Pharnacological  Sciences  (PS)  Program 
Dr.  Marvin  Cassitan,  Director,  Biophysics  and  Physiological  Sciences  (EPS) 

Program 
Dr.  Judith  Greenberg,  Deputy  Director,  Genetics  Program 
Dr.  Bert  Shapiro,  Deputy  Director,  Cellular  and  Molecular  Basis  of  Disease 

(CMBD)  Program 
Dr.  James  Cassatt,  Chief,  Biophysics  Section,  BPS  Program 

Dr.  Lee  °Van  Lenten,  Chief,  Physiological  Sciences  Section,  BPS  Program 
Dr.  Warren  Jones,  Chief,  Molecular  Basis  of  Disease  Section,  CMBD  Program 

Additions  to  Staff 

Dr.  Marion  Zatz,  CJyiBD  Program 

Dr.  Lore  Anne  MdSTicol,  C3yiBD  Program 

Dr.  Jane  Peterson,  Genetics  Program 

Dr.  Janet  N&ffbur<^,   PS  Program 

Dr.  Rodney  Ulane,  Office  of  Review  Activities  (ORA) 

Dr.  Bruce  Wetzel,  ORA 

Ms.  Linda  Engel,  ORA 

Retirements 

Dr.  Emilie  A.  Black,  Assistant  Director  for  Clinical  Research 

Dr.  George  Vtoolley,  Genetics  Program 

Dr.  Dorothea  Starbuck  Miller,  Genetics  Program 

Dr.  Vincent  Price,  CMBD  Program 

Dr.  James  Gilliam,  PS  Program 

Dr.  William  Taylor,  BPS  Program 

Departures 

Dr.  Sara  Gardner,  Director,  PS  Program 
Dr.  David  Beck,  Genetics  Program 
Dr.  AnthorQ^  Demsey,  ORA 
Dr.  Harriet  Gordon,  ORA 

National  Advisory  General  Medical  Sciences  Council 

Newly  appointed  members  are: 

Dr.  Norton  B.  Gilula 
Dr.  Harlyn  O.  Halvorson 
Dr.  Gerald  Kanter 
Dr.  Mary  Lou  Pardue 
Dr.  Theodore  Sherrod 
Ms.  Barbara  Gill 
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RESEARCH  TRAINING 


Since  its  establishment,  the  NIGMS  has  had,  as  one  of  its  principal  respon- 
sibilities, the  support  of  research  training  in  the  bicmedical  sciences.  In 
fact,  through  a  variety  of  programs,  this  Institute  provides  support  for 
two-thirds  of  all  the  predoctoral  trainees  supported  by  the  NIH.  In  the 
future,  these  trainees  are  expected  to  be  among  the  leading  scientists  who 
will  fill  the  nation's  health  research  needs  and  thus  carry  out  the  mission 
of  the  NIGMS  and  the  NIH. 

All  training  support  at  the  NIH  is  provided  under  extension  and  renewal  of  the 
authority  of  the  National  Research  Service  Award  Act  of  1974.  Under  this 
legislation,  the  NIGMS  supports  predoctoral  graduate  training  through  multi- 
disciplinary  and  multi-departmental  research  training  grants.  The  intent  of 
these  training  grant  awards  is  to  allow  broad  and  fundamental  research 
training  in  the  basic  biomedical  sciences.  Within  each  of  the  four  multi- 
disciplinary  clusters  (cellular  and  molecular  biology,  genetics,  pharma- 
cological sciences,  and  systems  and  integrative  biology)  are  a  wide  variety 
of  programs  at  universities  and  medical  schools  throughout  the  country.  A 
fifth  program,  the  Medical  Scientist  Training  Program  (MSTP) ,  provides 
support  for  students  seeking  the  conbined  M.D.-Ph.D.  degree  at  outstanding 
medical  schools  in  the  United  States.  This  program  is  designed  to  train  an 
exceptional  breed  of  scientist  who  will  play  a  role  in  easing  the  national 
shortage  of  clinical  investigators. 

postdoctoral  support  is  emphasized  sonewhat  less  by  the  NIGMS,  and  is  pro- 
vided primarily  through  individual  fellowships.  This  type  of  award  serves 
several  basic  science  areas  and  is  appropriate  when  the  postdoctoral  scientist 
is  working  intensely  with  an  established  investigator  on  a  particular  research 
problem,  with  little  need  for  an  organized  training  program.  The  NIGMS  does, 
however,  award  a  small  number  of  postdoctoral  research  training  grants  in  the 
more  clinically  related  areas  of  research  training,  and  emphasizes  the  selec- 
tion of  M.D.  degree  holders  as  trainees. 

The  Minority  Access  to  Research  Careers  (MARC)  Program  is  a  unique  research 
training  program  administered  by  the  NIGMS  in  collaboration  with  other  insti- 
tutes of  the  NIH.  Support  is  provided  for  research  training  in  health-related 
areas  for  faculty  and  undergraduate  students  at  minority  institutions  through- 
out the  country.  The  most  outstanding  of  these  students  are  subsequently 
supported  by  individual  fellowship  awards  to  ccmplete  their  Ph.D.  degree  at 
universities  of  their  choice.  A  more  detailed  description  of  this,  as  well 
as  the  other  training  programs,  is  found  in  the  MARC  program  section  of  this 
report. 

The  NIGMS  research  training  budget  in  FY  1984  was  equal  to  the  FY  1983  level 
of  $48.8  million.  In  FY  1985,  the  research  training  budget  was  increased 
to  $57.7  million  to  permit  a  substantial  increase  in  the  level  of  stipends 
provided.  The  new  predoctoral  stipend  is  $6,552;  the  new  postdoctoral  stipend 
starts  at  $15,996.  In  each  of  the  last  two  years,  the  number  of  trainees 
receiving  support  decreased.  A  major  feature  in  the  allocation  of  the 
research  training  budgets  during  recent  years  has  been  the  sharp  increase  in 
the  tuition  category,  resulting  in  a  further  decrease  in  the  trainee  numbers. 
Although  actual  tuition  varies  widely  fron  school  to  school,  in  the  last 


eight  years,  average  tuition  costs  have  increased  fron  $2,700  to  $6,200. 

In  spite  of  these  trainee  reductions,  careful  attention  has  been  given  to  new 
applications  fron  institutions  and  training  programs  having  no  previous  NIGMS 
support.  During  the  past  two  years,  the  Institute  was  able  to  make  12  awards 
to  new  programs:  four  in  the  MARC  undergraduate  program,  seven  in  the  pre- 
doctoral  program,  and  one  in  the  postdoctoral  program. 

For  a  variety  of  reasons,  including  legislative  changes,  reccmmendations  by 
the  National  Academy  of  Sciences,  budgetary  constraints,  and,  in  particular, 
the  steadily  ,  increasing  costs  per  trainee — the  total  number  of  students 
supported  by  the  NIQ^S  in  the  regular  predoctoral  program  has  decreased  from 
4,500  per  year  12  years  ago  to  less  than  1,700  per  year  in  FY  1985.  The 
other  predoctoral  program,  the  MSTP,  has  been  more  constant,  supporting  about 
680  students  per  year  for  each  of  the  past  five  years.  The  long-range  impact 
of  this  overall  downward  trend  cannot  be  fully  predicted,  but  the  Institute 
is  aware  of  concerns  expressed  by  members  of  the  scientific  catimunity  that 
further  decreases  could  have  a  deleterious  effect  on  the  viability  of  the 
research  training  programs  at  sane  institutions  since  a  critical  mass  at 
each  institution  is  necessary  for  success.  Further  Institute  planning  efforts 
will  factor  in  these  concerns. 

Since  the  enactment  of  the  National  Research  Service  Award  Act  in  1974,  the 
overall  NIGMS  research  training  program  has  utilized  three  funding  mecha- 
nisms: predoctoral  institutional  multidisciplinary  training  grants,  indi- 
vidual postdoctoral  fellowships,  and  postdoctoral  institutional  training 
grants.  The  National  Advisory  General  Medical  Sciences  Council  had  previously 
recomiended  that  the  Institute  support  research  training  in  that  priority 
order  and  reaffirmed  that  view  this  year. 


CEIXULAR  AND  MOLECULAR  BASIS  OF  DISEASE  PPDGRAM 


OBJEcrrivEs 

The  cell  is  the  fundamental  biological  unit  of  all  living  organisms.  It  holds 
the  capacity  for  generating,  from  sinple  exogenous  sources,  all  its  macranole- 
cules,  energy,  and  conplex  organization  and  structure.  The  Cellular  and  Molecu- 
lar Basis  of  Disease  Program  (CMBD)  is  concerned  with  basic  questions  about  the 
function  of  cells  and  their  ccsnponents.  This  researc±i  and  training  support 
encottpasses  a  wide  range  of  scientific  efforts,  from  cell-cell  ccsntiunication, 
cell  adhesion,  and  development,  to  cellular  metabolism,  energetics,  enzyme 
mechanisms,  and  the  molecular  structure  of  cells.  Ranging  as  it  does,  from  the 
molecular  to  the  multicellular,  the  program  is  broad  in  scope,  and  supports 
work  utilizing  a  wide  variety  of  technologies,   instruments,  and  models. 

A  major  area  showing  recent  expansion  is  that  of  cell-cell  signalling  and 
cellular  interactions.  Many  interesting  signal  corpounds  have  been  studied 
intensively.  These  include  the  lyrr^okines,  growth  factors,  hormones,  and 
mitogens.  Although  other  categorical  institutes  may  provide  significant  sup- 
port of  research  into  the  agents,  e.g.  NIAID  for  lynphokines ,  NIADDKD  for 
horrrones,  NCI  for  mitogens  and  grcwth  factors,  the  agents  and  their  targets  are 
rarely  confined  to  cne  system.  For  exaitple,  the  lyiphokines  not  only  prcmote 
lynphocyte  growth,  but  also  are  inportant  in  thenroregulation.  Another  exairple 
is  the  peptides  now  being  intensively  studied  as  signal  molecules  in  the  cen- 
tral nervous  syston  that  were  originally  identified  as  hormones  controlling 
digestive  physiology.  Lastly,  CMBD,  and  NIGMS  in  general,  supports  research 
using  a  very  wide  range  of  models.  Cells  or  processes  of  great  interest  to 
categorical  institutes,  such  as  transport  in  erythrocytes,  may  be  excellent 
itodels  for  attacking  fundamental  questions.  Thus,  this  program  supports  many 
projects  into  the  mechanism  of  selectivity  and  transport  kinetics  of  erythro- 
cyte chloride  channels  (see  under  'Highlights').  Although  many  of  the  projects 
use  prokaryotes  as  models,  or  even  corpletely  synthetic  systems,  such  as  the 
study  of  synthetic  antibiotic  channels  in  black  lipid  membranes,  many  others 
use  vertebrate,  or  even  human  material.  This  trend  is  due  to  the  fact  that 
there  have  been  major  strides  in  the  use  of  human  cells.  Tissue  culture  methods 
are  always  inproving,  and  mammalian  cellular  genetics  and  molecular  biology  are 
now  better  understood.  Human  genes  can  be  cloned  and  expressed;  loci  can  be 
mapped  nuch  more  easily;  mamnalian  viruses  are  beginning  to  prove  as  useful  for 
the  study  of  ccrrplex  cells  as  bacterial  viruses  have  been  for  bacteria.  At  the 
same  time,  on  the  other  end  of  the  scale,  it  is  becoming  easier  to  alter  pro- 
teins in  specific  ways.  This  has  opened  up  a  major  biochemical  area:  the 
structure- function  relationship  of  proteins. 

Expansion  of  the  use  of  higher  organi.sms,  as  well  as  of  altered  peptides,  only 
begins  to  tell  the  story  of  modem  cell  and  molecular  biology.  In  an  era  of 
increased  specialization,  the  opposite  trend  is  observed  in  the  areas  supported 
by  the  CMBD  program.  Investigators  are  called  on  more  and  more  to  utilize  a 
spectrum  of  techniques  and  approaches  to  attack  bicmedical  problems.  Tlie  study 
of  microtubules  may  require  isolation  of  the  tubulin  gene,  immunoelectron  mi- 
croscopy (itself  a  hybrid  field),  tissue  culture,  photoactivatable  crosslinking, 
protein  purification,  and  cell  growth  control.  The  diffusion  of  new  techniques 
throughout  the  biomedical  research  conmunity  is  increasingly  rapid.  The  qppor- 


tunities  for  sophisticated  investigation  have  never  been  greater,  and  the  CMBD 
program  supports  the  highest  quality  cellular  and  molecular  research  and  train- 
ing. 

The  program's  specific  objective  is  to  gain  the  fullest  knowledge  about  human 
cells  to  assist  in  the  prevention,  treatment,  and  cure  of  disease  in  man. 
Since  living  cells  generally  share  fundamental  biological,  chemical,  and  physi- 
cal processes  and  properties,  the  CMBD  Program  supports  research  using  cell  and 
molecular  systans  from  a  wide  variety  of  species,  tissues,  and  preparations. 
The  basis  of  selection  is  the  scientific  merit  of  research  using  preparations 
best  suited  to  solving  general  principles  and  problems.  In  pursuit  of  this 
objective,  the  program  supports  research  ranging  fron  precise  physical  and 
mathonatical  aj^roaches  in  the  study  of  enzyme  catalyzed  reactions  to  invest- 
igation of  the  cellular  interactions  during  embryonic  development.  Results 
frcm  this  broad  range  of  research  are  reported  in  many  scientific  journals, 
adding  iitportant  general  principles,  techniques,  and  information  which  con- 
tribute directly  and  indirectly  to  our  expanded  kncv^ledge  about  normal  and  ab- 
normal cellular  functions.  It  is  this  fundamental  knowledge  that  undergirds 
the  study  of  human  function  and  disease. 


ORGANIZATIOsT  AND  STAFFING 

The  overall  CMBD  research  program  is  administered  by  a  Director  and  Deputy 
Director,  and  five  other  professional  staff  members.  It  is  organized  into  two 
sections  and  subprogram  areas.  Ihe  professional  staff  is: 

Charles  A.  Miller,  Ph.D.  Director 

Bert  I.  Shapiro,  Ph.D.  Deputy  Director 

Cellular  Basis  of  Disease  Section: 

Bert  I.  Shapiro,  Ph.D.  Chief 

Artrice  V.  Bader,  Ph.D.  Program  Administrator 

^1arion  M.  Zatz,  Ph.D.  Program  Administrator 

Molecular  Basis  of  Disease  Section: 

Warren  C.  Jones,  Ph.D.  Chief 

Lee  Van  Lenten,  Ph.D.  Program  Administrator 

Research  training  is  administered  separately  frcsn  the  section  organizaticn . 
Drs.  Miller,  Bader  and  von  Euler  (Deputy  Director,  NIG^IS)  are  responsible  for 
training . 


RESEARCH  OVERVIEW 

1.   CELLULAP  BASIS  OF  DISEASE  SECTICN 

The  enphasis  of  the  Cellular  Basis  of  Disease  Section  is  on  research  on  the 
cell  and  its  subcellular  ccirponents  including  basic  research  on  all  types  of 
cells  (i.e.,  prokaryotic  and  eu]<:aryotic  microorganisms),  cells  in  tissue  or 


organ  culture,  isolated  cells,  such  as  blood  cells,  spenn,  and  ova,  as  well  as 
research  focused  on  specific  cells  and  their  function  in  excised  and  intact 
tissues  and  organisms.  Questions  and  problems  explored  and  pertaining  to 
specific  cell  types  or  corponents  are  of  a  fundamental  or  general  nature  appli- 
cable to  other  cell  types.  This  section  includes  all  classes  of  basic  cellular 
or  subcellular  research  not  expressly  directed  to  the  disease-oriented  mission 
of  a  single  categorical  institute,  as  well  as  cell  biology  related  to  several 
disease  or  general  pathological  states.  The  full  range  of  physical,  chemical, 
and  biological  methods  are  ertiployed  throughout,  and  the  develcpnent  of  new 
methods  and  techniques  are  provided. 

This  section  includes  programs  in  Cell  Regulation,  Differentiation  and  Grcwth; 
Molecular  Imraunobiology;  Cell  Organization,  Motility  and  Division;  and  Meribrane 
Structure  and  Function. 

Cell  Regulation,  Differentiation  and  Gra^rth 

This  subprogram  supports  a  wide  spectrum  of  investigations  on  normal  cell 
functions  that  encorpass  many  active  areas  of  cell  biology.  About  two  thirds 
of  the  research  areas  center  on  two  major  themes — cell  differentiation  and  the 
cell  cycle.  The  other  third  supports  a  wide  selection  of  research  on  diverse 
topics  including  cell  adhesion  and  interaction,  circadian  rhythms,  and  the 
interaction  of  cell  water  with  proteins  and  small  molecules.  Specifically,  the 
major  research  areas  covered  are:  growth,  differentiation,  and  activation  of 
all  cell  types;  transmembrane  signalling  and  receptor  coupling  with  cellular 
response;  genetic  and  microenvironmental  regulation  of  differentiation;  cell- 
cell  interactions  and  the  extracellular  matrix;  organelle  developnients ,  differ- 
entiation, and  cycling,  including  mitochondria,  lysosanes,  golgi  apparatus, 
and  the  endoplasmic  reticulum;  the  biochemistry  and  regulation  of  the  cell 
cycle;  and  cytoplasmic  messengers  of  all  types,  including  hormones,  ions, 
cyclic  nucleotides,  prostaglandins,  and  leukotrienes. 

This  program  is  a  diverse  one,  in  which  investigators  use  varied  experimental 
systems  as  different  as  the  diatcm  and  cultured  raairtnalian  cells.  While  the 
active  areas  of  research  in  this  program  span  the  topics  mentioned  above,  there 
is  an  increasing  ertphasis  on  selected  aspects.  These  newer  and  expanding 
research  areas  include:  regulation  of  growth  and  the  cell  cycle  by  grcwth 
factors  and  their  subsequent  stimulation  by  second  messengers,  phospholipids, 
and  phosphoproteins ;  the  role  of  calmodulin  and  calcium  in  cell  processes; 
corplex  cell  interactions  in  differentiation  and  developinent,  using  multi- 
cellular, prokaryotic  and  mammalian  systems;  and  the  role  of  regulation  of 
gene  expression  during  cell  activation  and  response. 

Recent  specific  areas  supported  by  this  subprogram  -\A^ich  indicate  the  oppor- 
tunities in  the  field  are  several.  One  exciting  area  is  that  of  stress  or 
heat  shock  proteins.  Several  labs  are  imking  excellent  progress  in  purifying 
stress  proteins.  These  proteins  play  an  irtportant  role  in  modulating  protein 
synthesis,  and  thus  are  of  great  interest  in  the  study  of  control  of  gene 
expression.  Another,  although  extracellular,  protein  involved  in  grcwth  con- 
trol is  platelet-derived  gro^/th  factor  (PDGF).  Grantees  are  studying  the 
PDGF- inducible  c-rayc  gene,  a  gene  which  may  play  an  irrpDrtant  role  in  cell 
response  to  mitogens.  These  two  exaitples  demonstrate  the  opportunities  and 
central  irrportance  in  the  study  of  grcwth  control  and  other  areas  in  this  CMBD 
subprogram. 


Molecular  Imtrunobiology 

Iramanobiology  is  a  basic  medical  science  vi^iich  has  implications  for  many  clini- 
cal areas  including  host  resistance  to  infectious  agents,  irrmunodeficiency, 
allergic  reactions,  autoimmune  diseases,  and  diagnosis  and  treatment  of  neo- 
plasias. Within  NI(3^,  research  in  basic  immunobiology  transcends  the  major 
prograinmatic  areas  of  cellular  and  molecular  biology,  genetics,  and  biophysical 
and  physiological  sciences.  Research  on  fundamental  cellular  and  molecular 
processes,  as  studied  in  experimental  irodels  using  cells  of  the  lyrrphoid  system 
and  their  products,  is  therefore  supported  within  an  interdisciplinary  sub- 
program of  Molecular  Immunobiology. 

The  enphasis  of  this  program  is  on  the  study  of  basic  cellular  processes  at 
the  molecular  level,  using  cells  of  the  lyrrphoid  system  and  their  products  as 
experimental  models.  Areas  of  immunobiology  v^hich  are  of  interest  include: 
protein  structure/ function  relationships  of  the  cytokines,  inxainoglobulins, 
MHC  products,  and  coTplonent;  membrane  structure  and  function,  exocytosis  and 
endocytosis,  coupling  of  receptor- ligand  binding  and  cell  response,  transman- 
brane  signalling  and  membrane/cytoskeletal  relationships;  regulation  of  cell 
grovth  and  the  cell  cycle  by  cytokines,  growth  factors,  and  hormones;  intra- 
cellular mediators  of  cell  activation  such  as  calcium,  cyclic  nucleotides, 
phosphoproteins,  phospholipids  and  protein  kinases;  the  biochemical  basis  of 
cell  interactions,  including  tlie  role  of  the  MHC  products,  lyirphokines  and 
lectins,  cell  motility,  cell  adhesion  and  the  extracellular  matrix;  cell  dif- 
ferentiation and  maturation;  regulation  of  gene  activation,  gene  organization 
and  reorganization,  developmentally  regulated  genes,  extended  gene  families, 
and  the  genetic  basis  of  the  above  cellular  processes. 

This  newly  formed  subprogram  area  has  arisen  in  response  to  a  growing  conver- 
gence of  research  in  cell  biology  and  inmunobiology.  Many  iramunobiological 
systems  serve  as  excellent  models  for  exploring  basic  questions  of  cell  inter- 
actions, cell  grcwth  and  differentiation,  and  regulation  of  gene  expression. 
This  program  is  filling  a  need  for  interdisciplinary  support  of  the  rapidly 
ej^)anding  areas  of  lymphocyte  receptor-ligand  coupling  and  transmembrane  sig- 
nalling; regulation  of  the  cell  cycle  by  cytokines  and  lyrrphoid  growth  factors; 
and  the  evolutionary  and  developmental  significance  and  function  of  "super- 
gene  families"  encoding  for  the  imunoglobulins ,  major  histocorpatibility  anti- 
gens, T-cell  receptor,  and  lymphocyte  differentiation  antigens  (e.g.,  Thy-1. 
Lyt.  2) 

Cell  Organization,  Motility  and  Division 

This  subprogram  includes  research  on  the  chemical  and  physical  nature  of  cyto- 
skeletal  and  other  structural  elements  (e.g.,  microtubules,  microtubule-associa- 
ted  proteins,  actin,  myosin)  involving  their  relationship  and  role  in  cell 
organization,  as  well  as  cell  streaming,  ciliar  and  flagellar  motions;  associa- 
ted taxis  and  tropism;  and  movement  of  internal  macrcaiiolecular  structures,  and 

their  interrelationships  to  membranes  and  organelles  in  secretion,  endocytosis 
and  other  functions.  It  also  supports  research  on  cell  division  centering  around 
the  mitotic  apparatus;  chromosome  and  associated  macromolecule  duplication;  and 
movement,  as  well  as  the  regulation  of  these  processes. 

This  subprogram  area  includes  grant  supported  research  which  errphasizes  cell 
motility  and  the  cytoskeleton.  The  research  on  cell  motility  involves  studies 
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of  iTDtion  of  and  within  non-muscle  cells.  These  basic  research  studies  include 
both  unicellular  and  multi-cellular  organisms,  cells  in  tissue  or  organ  culture, 
and  isolated  cells  such  as  sperm  and  ova,  both  fertilized  and  unfertilized. 

In  addition  to  the  movement  of  cells  and  cellular  organelles,  research  pertain- 
ing to  the  microscopic,  submicroscopic  and  molecular  organization  of  cells  and 
cell  organelles  is  included  in  this  subarea.  Regarding  cell  movement,  the 
earlier  years  of  this  subprogram  reflected  more  interest  along  the  lines  of 
gross  cellular  movements  including  such  activities  as  protoplasmic  streaming 
and  the  bending  of  cilia  and  flagella.  Although  gross  movement  continues  to  be 
of  great  interest  and  still  reflects  the  major  theme  of  much  of  the  work  sup- 
ported here,  errphasis  has  over  the  past  years  shifted  from  gross  anatcmical  and 
physiological  studies  to  molecular  biology  studies  ertploying  many  of  the  new 
technologies.  Recombinant  DMA.  technologies,  immunological  techniques ,  polyclon- 
al and  monoclonal  antibodies,  electron  microscopy  and  high  resolution  fluores- 
cence microscopy  are  new  standard  tools. 

Also,  fast  emerging  in  this  area  is  the  use  of  corputers  and  imaging  proces- 
sing technologies  to  answer  unresolved  questions  and  aitplify  existing  answers 
regarding  cellular  and  cellular  organelle  movonents.  The  larger  portion  of  the 
work  supported  here  involves  studies  of  the  filaments  corprising  the  cytoskele- 
ton:  microtubules,  intermediate  filaments  and  microfilaments;  and  the  proteins 
associated  with  irotile  structures,  including  microtubular  associated  proteins, 
tubulin,  myosin,  pararayosin,  actomyosin,  and  various  protein  kinases.  Because 
of  the  role  of  actomyosin  corplexes  in  muscle  cells  this  protein  system  serves 
as  a  model  for  elucidating  movement  in  non-muscle  cells.  Although  there  is 
evidence  for  a  possible  role  for  actcmyosin  in  non-muscle  cells  there  is  also 
evidence  indicating  a  similar  role  for  the  dynein  and  dynein-ATPase  systems 
found  in  non-muscle  cells.  The  dynein-ATPase  model  is  being  used  to  exjjlain 
organelle  movements  such  as  the  mitotic  spindle  and  flagellar  arm  movement. 
Many  researchers  are  focusing  their  efforts  to  study  the  dynein  moiety  itself 
Virile  others  are  investigating  its  role  as  a  counter-part  mechanism  of  the 
actoryosin  system  so  thoroughly  characterized  in  muscle  cells. 

Motility  studies  involve  control  of  shape  associated  with  normal  as  well  as 
transformed  cells.  Studies  of  the  role  of  ions,  principally  Ca-H-  ions  and  sulf- 
hydryl  groups,  in  cell  movement  and  cell  division  are  included  here  and  calcium 
involvanent  in  the  regulation  of  motility  continues  to  be  a  recurring  thane  in 
many  of  the  projects.  The  biological  role  of  intracellular  Ca-H-,  as  well  as 
the  function  of  calcium  and  calmodulin  and  related  proteins  are  of  great  inter- 
est. Their  function  is  being  defined  in  microtubular  initiation  and  elongation 
studies,  as  well  as  regulation  of  microtubules  and  microfilaments;  actoitr^osin 
interactions;  ciliary  motion  and  mitotic  spindle  assembly  and  function. 

Cell  division  studies  which  center  around  the  mitotic  spindle,  the  movement  of 
chroToscmes  and  associated  cellular  proteins  involved  in  the  division  process, 
are  also  included  in  this  program  area.  Research  involving  the  mitotic  spindle 

includes  studies  relating  to  the  ccatposition  of  this  structure,  its  isolation, 
the  movement  of  related  structures  within  this  apparatus  and  its  relationship 
to  the  cell  membrane.  Also  a  rapidly  emerging  area  reflected  in  this  subprogram 
is  the  interaction  of  cytoskeleton  structures,  and  the  cellular  membrane  during 
movement  and  division.  Representative  of  these  are  the  cytoskeleton-membrane 
interactions  involving  linker  proteins  such  as  vinculin  and  talin  vi^ich  are 
involved  in  attachment  of  the  cytoskeleton  to  the  membrane. 
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As  new  questions  arise  and  methods  for  answering  them  evolve,  one  continously 
sees  an  overlap  of  scientific  disciplines  and,  consequently,  program  and  sub- 
program area  overlap.  In  the  case  of  this  subprogram,  there  are  many  overlap- 
ping areas  with  the  genetics  program  sucih  as  studies  related  to  heat  shock  pro- 
teins, multi-gene  families  of  tubulin,  genetic  analysis,  studies  of  dynein 
arms  in  flagella,  and  translational  and  post  translational  activities  during 
various  biological  events  such  as  flagellar  replication.  Within  the  CMBD 
program,  this  group  of  grants  overlaps  with  both  the  cell  replication,  differ- 
entiation and  growth  area  and  the  membrane  structure  and  function  subprogram. 

Membrane  Structure  and  Function 

This  subprogram  deals  with  all  aspects  of  the  biology  and  chemistry  of  membranes. 
The  enphasis  is  on  the  plasma  membrane  of  cells,  but  a  significant  fraction  of 
the  effort  is  devoted  to  intracellular  moribranes.  The  spectrum  of  research 
supported  represents  the  wide  rainge  of  approaches  to  the  role  of  men±)ranes.  It 
has  becc«ne  increasingly  clear  that  membranes  play  a  central  role  in  cell  physi- 
ology, and  have  unique  properties  associated  with  the  lipid  phase  and  lipid- 
water  interface.  Among  the  topics  included  in  this  subprogram  are  the  chemistry 
(including  physical  chanistry)  of  membrane  proteins  and  lipids,  including  the 
establishment  and  maintenance  of  a  bilayer,  lipid  turnover,  and  protein  inser- 
tion. A  large  group  of  grants  are  concerned  with  various  aspects  of  membrane 
transport,  from  passive  diffusion  to  the  energetics  of  active  transport. 
Another  major  fraction  of  grants  is  concerned  with  membrane  biogenesis,  cycling, 
secretion  and  exocytosis,  as  well  as  endocytosis.  The  program  includes  many 
grants  studying  or  utilizing  artificial  membranes  of  several  types,  including 
black  lipid  membranes  and  vesicles.  Sane  of  these  projects  also  address  the 
mechanism  of  selectivity  and  transport  of  ionophores.  Membrane  receptors  are 
extensively  studied,  and  NIGMS  supports  a  significant  fraction  of  these  studies, 
especially  v^en  the  questions  concern  basic,  general  receptor  properties. 
Related  to  the  grants  on  the  physical  and  chemical  stability  of  bilayers  or 
membranes  in  general,  are  several  grants  studying  membrane  disruptions  by  viral 
or  toxin  lysis,  or  cofrplement  fixation. 

The  membrane  subprogram  is  the  largest  in  Q4BD  and  also  the  most  rapidly  ex- 
panding. This  reflects  the  growing  realization  of  the  irtportance  of  monbranes, 
the  opening  up  of  exciting  n&ff  lines  of  membrane  research,  and  technological 
advances  in  the  study  of  membrane  proteins.  The  inportance  of  membranes  has 
long  been  recognized,  but  it  has  now  becane  apparent  that  the  membrane  plays  a 
crucial  role  in  suc±i  processes  as  growth  control,  hormone  action,  protein 
processing,  and  cell  energetics.  Three  of  the  exciting  lines  of  research  v*^ich 
have  opened  up  are:  the  understanding  of  the  mechanisms  of  protein  insertion 
into  membranes  and  protein  translocation;  the  emerging  picture  of  the  pathways 
of  membrane  cycling;  and  the  chemistry  of  membrane  receptors.  The.  number  of 
grants  devoted  to  the  mechanism  of  the  insertion  of  proteins,  including  the 
nature  and  role  of  leader  sequences,  is  grcwing  exponentially.  The  two  areas 
of  membrane  cycling  in  v^ich  there  have  been  major  findings  are  in  both  mem- 
brane and  meiribrane  protein  processing  by  the  Golgi,  and  the  internalization  of 
membrane  receptors  (often  with  the  signal  molecules)  fran  the  coated  pits. 
Membrane  receptor  chemistry  has  been  given  a  significant  boost  by  the  same 
technological  advances  which  have  affected  the  entire  membrane  (and,  indeed, 
CMBD)  program,  namely  recaribinant  DNA  technology.  This  technology  has  allowed 
purification  and  sequencing  of  rare  membrane  proteins  of  great  interest,  in- 
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eluding  T-cell  receptors,  sodium  cihannels,  and  glucose  transporters.  It  is 
apparent  that  we  are  seeing  just  the  beginnings  of  a  field  v\^ich  premises  to 
expand  rapidly  in  the  near  future. 

2.   MDLECULAR  BASIS  OF  DISEASE  SECTIOSf 

The  Molecular  Basis  of  Disease  Section  supports  basic  research  on  enzymology 
and  regulatory  processes  in  intermediary  metabolism;  structure  and  function 
of  the  enzyme  active  site,  including  the  involvement  of  coenzymes  and  metal 
ions;  and  c±iaracterization  of  the  energy  transducing  apparatus.  Essentially, 
most  areas  of  basic  biochemistry,  and  much  of  physical  biochemistry  of 
general  bianedical  significance  are  included.  Support  is  provided  for  many 
studies  aimed  at  basic  principles,  regardless  of  the  particular  experdjnental 
system. 

Molecular  Basis  of  Enzyme  Catalysis  and  Regulation 

The  major  earphasis  of  this  program  area  is  the  analysis  of  intermediary  metab- 
olism on  a  molecular  level.  This  ranges  fron  a  very  narrow  focus,  such  as 
probes  of  enzyme  active  sites,  to  broader  constructs  such  as  overall  regulation 
of  metabolic  pathways.  In  general,  the  grants  are  concerned  with  events  at  the 
enzyme  level.  Included  in  this  subprogram  are  studies  of  the  structure  of  cata- 
lytic and  regulatory  sites  of  enzymes,  enploying  physical,  chemical  or  genetic 
methods.  A  large  moiety  consists  of  grants  directed  to  understanding  enzyme 
mechanisms,  including  kinetics  studies,  investigaticais  of  catalytic  interme- 
diates, and  research  using  model  ccnpounds.  A  recently  expanding  area  is  that 
of  enzymatic  regulation,  at  both  the  protein  and  gene  level. 

One  of  the  most  exciting  areas  in  this  subprogram  is  that  of  mechanistic  enzy- 
mology— investigations  of  the  modes  of  catalysis  and  regulation  of  a  broad 
range  of  enzymes.  These  investigations  seek  to  establish  in  molecular  terms 
the  factors  that  govern  the  speed  and  specificity  of  enzymatic  catalytic  proc- 
esses as  well  as  the  exquisite  regulation  of  enzymes  that  contributes  to  the 
capacity  of  cells  to  respond  to  a  changing  environment.  Using  a  combination  of 
site-directed  mutagenesis  with  very  sensitive  physical  techniques,  such  as  NMR 
and  high-speed  crystallography,  biodhanists  can  now  explore,  in  detail,  the 
conditions  for  optimal  catalysis.  Studies  on  one  enzyme  are  now  being  extended 
to  related  enzymes,  often  of  greater  ccrtplexity.  Mechanistic  enzymology  prom- 
ises to  make  contributions  to  a  wide  variety  of  fields.  It  will  provide  a 
deeper  understanding  of  the  genetic  defects  Vihich  result  in  faulty  cellular 
enzymes.  It  may  well  lead  to  rational  drug  design,  and,  in  fact,  premises  to 
be  of  significant  value  to  the  assortment  of  ccxnmercially  valuable  endeavors 
known  as  biotechnology. 

Glycocon  jugates 

A  porticxi  of  the  research  projects  supported  by  the  Cellular  and  Molecular  Basis 
of  Disease  Program  focuses  on  the  study  of  glycocon jugate  structure,  function, 
and  metabolism,  with  ejiphasis  directed  towards  tlie  carbohydrate  portion  of  the 
macrcmDlecule.  More  targeted  studies  involving  glycocon jugates  can  be  found  in 
other  grant  portfolios  funded  by  both  NIGMS  and  other  institutes. 

Much  of  the  excitement  and  many  of  the  recent  advances  in  the  area  have  ccme 
frcm  the  studies  concerning  mammalian  glycoprotein  biosynthesis  and  function. 

13 


The  distribution  of  grants  in  this  subset  reflects  this  ertphasis.  Several  of 
the  supported  projects  focus  on  the  study  of  dolichol  metabolism,  lipid-oligo- 
saccharide biosynthesis  and  its  regulation,  the  conversion  of  proteins  to  glyco- 
proteins, or  postsynthetic  processing.  Others  address  sane  of  the  ccnponents 
required  in  the  metabolism  of  glycoproteins  such  as  the  glycosyl transferases  or 
the  N-  and  0-glycosidases ,  or  the  mechanism  by  \flAiich  glycoproteins  are  targeted 
to  particular  subcellular  organelles.  While  the  majority  of  the  grants  in  the 
portfolio  concentrate  on  the  study  of  maimalian  glycoprotein  metabolism  and 
function,  support  is  provided  for  projects  Vi^ose  primary  errphasis  is  methodology 
developnent,  structure  determination,  or  the  stuc^  of  non-manmalian  glycocon- 
jugates,  e.g.,  crustacean  and  fungal  chitin,  yeast  mannoprotein,  fungal  glyco- 
proteins, corona  virus  glycoproteins. 

Bioenergetics 

The  Bioenergetics  subprogram  supports  investigations  of  the  processes  by  v^hich 
energy  is  captured  and  made  available  to  drive  all  cellular  functions.  Most  of 
these  investigations  seek  to  delineate  the  structural  and  mechanistic  details 
characteristic  of  mitochondrial  oxidative  phosphorylation  and  electron  trans- 
port, as  well  as  the  related  processes  of  photosynthesis  and  photophosphoryla- 
tion  in  bacteria  and  other  organisms. 

No  set  of  processes  are  more  central  to  life  than  bioenergetics.  The  universal- 
ity of  many  of  the  processes  makes  it  advantageous  to  investigate  mitochondrial 
energetics  using  lower  eiikaryotic  mitochondria,  or  looking  at  seme  sinpler 
madels,  such  as  bacteria.  One  area  of  major  advancement  is  in  our  understanding 
of  the  Fi  ATPase  of  mitochondria.  Other  significant  advances  have  been  made  in 
analyzing  the  details  of  electron  transport  in  the  cytochrane  bc]^  complex.  De- 
spite the  significance  of  bioenergetics,  progress  has  been  difficult  because 
raulticcnponent,  raultienzyme  ccxtplexes  are  involved,  and  the  chemical  events  are 
extrannely  rapid.  In  addition,  the  nature  of  seme  of  the  rrolecular  processes  in 
electron  transport  is  very  different  from  most  enzymatic  catalysis.  Recently, 
advances  in  biophysical  techniques  and  in  recombinant  ENA  technology  has  led  to 
increasing  sophistication  in  our  understanding  of  the  structure  and  function  of 
the  multitude  of  interdependent  proteins  that  participate  in  the  energy  trans- 
duction process. 


RESEARCH  TRAINING 

Support  of  research  training  at  the  predoc:toral  and  postdoctoral  levels  remains 
an  irrportant  activity  within  the  program.  About  one-half  of  the  Institute's 
major  predoctoral  research  training  activities  and  one-quarter  of  the  NIGMS 
postdoctoral  trainees  and  fellows  are  supported  through  the  QffiD  program. 

Predoctoral  research  training  grants  are  awarded  in  two  related  multi-discipli- 
nary scientific  areas  entitled  "Cellular  and  Molecular  Biology"  and  "Genetics". 

These  grants  are  awarded  to  universities  and  medical  schools  to  assist  in  the 
support  of  integrated  graduate  degree  programs,  providing  funds  for  stipends, 
tuition,  and  thesis  research  supplies  for  highly  selected  candidates  pursuing 
studies  for  the  Ph.D.  degree.  Students  supported  by  the  cell  and  molecular 
biology  grants  may  seek  degrees  in  biochotiistry,  biophysics,  cell  biology,  chem- 
istry, developmental  biology,  genetics,  iirrunobiology,  neurobiology,  pathology. 
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physiology  and  other  related  disciplines.  Students  supported  by  the  genetics 
grants  may  also  receive  degrees  in  a  nurriber  of  the  disciplines  mentioned  but 

with  highly  focused  attention  to  a  central  thane  of  genetics  in  the  course  of 
their  didactic  studies  and  thesis  researdh  projects.  A  few  of  these  grant- 
supported  programs  enphasize  indepth  coursesvork  and  opportunities  for  tliesis 
research  in  areas  of  population  genetics  or  medical  genetics. 

In  FY  1985,  awards  were  provided  to  47  cell  and  molecular  biology  programs  for 
the  support  of  841  predoctoral  trainees  and  34  programs  in  genetics  for  support 
of  377  trainees.  The  overall  funds  provided  for  the  81  grants  was  $18,380,000. 
Forty-two  of  these  grants  were  funded  as  carpeting  continuation  awards  and  only 
one  was  a  new  award — the  latter  for  support  for  a  highly  regarded  new  program 
in  cell  and  molecular  biology.  The  81  awards  were  to  53  universities  through- 
out the  country.  Numerous  faculty-scientists  who  are  considered  leaders  in 
their  fields  of  research,  participate  in  these  programs  providing  extensive 
interdepartmental,  interdisciplinary  research  training  opportunities.  Increas- 
ing arphasis  is  generally  placed  on  providing  new  approaches  in  the  understand- 
ing of  physical-chemical  and  quantitative  analysis  of  a  great  variety  of  biolog- 
ical systems  and  problems.  Significantly  fewer  programs  and  numbers  of  trainees 
were  supported  in  FY  1985  than  in  FY  1984  due  to  sharply  rising  tuition  costs 
and  increases  for  trainee  stipends  within  the  funds  available. 

At  the  postdoctoral  level,  the  CMBD  program  funded  five  research  training  grants 
in  the  area  of  "Pathobiology"  for  the  support  of  17  trainees.  These  programs 
select  largely  post-M.D.  candidates  who  pursue  indepth  research  problems  under 
the  guidance  of  outstanding  scientists  for  a  period  of  one  to  three  years. 
Research  opportunities  may  be  selected  from  a  host  of  cellular  and  molecular 
fields.   Funds  for  this  area  were  $470,000  in  FY  1985. 

Additionally,  funds  in  the  amount  of  $2,640,000  supported  123  individuals, 
largely  post  Ph.D. 's,  via  ccrtpetitive  individual  fellowships  to  join  the  labor- 
atory of  an  established  scientist  for  a  two  or  tiiree  year  period.  A  large  number 
of  tliese  fellcws  had  earned  the  Ph.D.  degree  in  chemistry  and  sought  to  gain 
advanced  research  training  in  an  active  area  of  bicmedical  science  such  as  bio- 
chemistry, cell  biology  or  molecular  biology. 

Many  additional  research  training  grants  and  fellowship  applications  were  re- 
viewed and  reccsnnended  as  highly  worthy  of  support  in  the  above  areas  but  could 
not  be  considered  for  funding. 
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Research  and  Training  Areas  Supported  by  the  Cellular  and  Molecular 

Basis  of  Disease  Program 


Cellular  Basis  of  Disease  Section 


No.  of  Grants*   Dollars  (TC) 


Cell  Regulation,  Differentiation  &  Growth 
Molecular  Inmunobiology 
Cell  Organization,  Motility  &  Division 
Membrane  Structure  &  Function 

Section  Total 

Molecular  Basis  of  Disease  Secticn 


85 

10,273,328 

36 

5,386,842 

119 

15,684,713 

312 

43,167,566 

552 

74,  512,449 

Enzyme  Catalysis  &  Regulation 

Glycoccnjugates 

Bioenergetics 


Secticn  Total 


TOTAL  RESEARCH  SUPPORT 


224 

27,645,093 

34 

4,076,829 

74 

10,378,334 

322 

42,100,256 

874 

116,612,705 

RESEARCH  TRAINING  SUPPORT 


Category 


Institutional  Predoctoral 
Cellular  &  Molecular  Biology 
Genetics 


No.  of  Trainees 


841 
377 


Total  Predoctoral  1,218 

Institutional  Postdoctoral 

Basic  Pathobiology  17 

Individual  Postdoctoral 

Cellular  &  Molecular  Biology  123 

Total  Postdoctoral  140 


No.  of  Grants* 


47 
34 


81 


123 
128 


Dollars  (TD) 


12,706,499 
5,309,869 

18,016,368 


469,091 

2,640,000 
3,109,091 


TOTAL  TRAINING  SUPPORT   1,358 


21,125,459 


♦active  as  of  09/01/85 
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RESEARCH  HIGHLIGHTS 

Presented  below  are  sane  highlights  of  research  supported  by  the  CNBD  program. 
Of  cxDurse  these  represent  a  fraction  of  the  excellent  and  exciting  work  done 
by  grantees.  These  highlights  were  selected  to  underline  the  diversity  of 
quality  research  funded  by  the  program.  Space  limitations  prevent  inclusion 
of  many  highlights,  and  we  try  not  to  repeat  general  topics  for  several  years. 

What  stands  out  in  these  highlights  is  the  dramatic  expansion  in  the  use  of  re- 
coTibincLnt  OslA  tec±inology  as  a  tool  to  attack  many  problems  in  cellular  biology 
and  biochemistry.  For  exaitple,  as  will  be  discussed  further,  Dr.  Frank  Maley 
has  been  studying  thymidilate  synthase  for  several  years,  and  tlie  isolation  of 
the  enzyme  from  Lactobaci  1  lus ,  and  its  sequencing  by  classic  protein  chemistry 
techniques  represents  the  culmination  of  years  of  effort.  Subsequently,  the 
enzymes  from  E.  coli  and  phage  were  studied  with  the  aid  of  recombinant  DNA. 
techniques,  with  more  data  obtained  in  a  fraction  of  the  time.  This  technology 
permitted  isolation  of  the  gene  and  expression  in  a  vector  under  conditions 
which  dictate  overproducrtion.  Much  larger  quantities  of  the  enzyme  are  avail- 
able via  this  strategy.  Moreover,  secjuencing  of  the  gene  is  far  faster  than 
direct  protein  sequencing.  The  nucleotide  sequence  obtained  provides  in- 
formation not  only  on  the  final  protein  product,  but  also  on  the  primary  prod- 
uct of  the  translation.  These  peptides  often  include  leader  sequences  v\h.idh 
aid  in  membrane  translocation  and  targeting.  Other  terminal  moieties  may  be 
present  only  in  the  inactive  proenzyme,  to  be  activated  subsequently  under 
appropriate  conditions.  Therefore,  knowledge  of  the  primary  translation  prod- 
uct may  provide  us  with  additional  information  about  the  role  and  processing 
of  the  functional  protein.  Sequencing  of  the  gene  can  also  tell  us  about 
its  regulation  and  evolution.  By  using  the  techniques  of  molecular  biology 
to  obtain  information  about  protein  biochanistry,  scientists  also  learn  more 
about  molecular  biology.  The  boundaries  between  the  two  fields  shrink,  and 
the  two  coTfrtunities ,  'classical'  biochemists  and  molecular  biologists,  begin 
to  merge. 

One  increasingly  exploited  strategy  is  that  of  site-specific  mutagenesis.  By 
this  is  meant  an  assortment  of  chemical  procedures  that  selectively  modify 
individual  nucleotides,  resulting  in  single  amino  acid  substitutions  in  tlie 
primary  translation  product.  This  selective  change  in  protein  sequence  permits 
detailed  investigation  of  protein  structure/ function  relationships.  Such  tech- 
niques have  been  developed  by  many  biochanists  including  Dr.  H.G.  Khorana,  who 
also  used  this  technology  in  the  work  described  in  a  highlight  belov.  Bacterio- 
rhodopsin  is  probably  the  best  studied  merribrane  protein,  and,  since  the  sequence, 
gene,  and  function  are  known,  it  lends  itself  to  site-specific  mutagenesis  as  a 
tool  to  dissect  protein  conformation  and  the  associated  proton  transport.  The 
studies  by  Dr.  John  Gerlt,  also  highlighted  belcw,  show  the  value  of  this  ap- 
proach. This  investigator  has  been  able  to  deduce  at  least  sane  aspects  of  the 
reaction  mechanism  by  canbining  mutagenesis,  with  structural  infometion  gained 
from  X-ray  diffraction. 

Another  major  technical  tool,  whose  use  has  been  spreading  to  all  areas  of 
modem  bianedical  research,  is  that  of  monoclonal  antibodies.  These  antibodies 
have  the  advantage  of  great  specificity,  a  specificity  so  high  that  the  anti- 
bodies usually  react  only  to  a  small  epitope  on  the  appropriate  antigen.  Thus, 
it  is  possible  to  dissect  an  antigen  sequence,  or  domain,  by  raising  a  large 
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number  of  monoclonal  antibodies.  The  monoclonal  antibody  technology  is  not 
without  its  drawbacks.  In  addition  to  the  time  necessary  to  raise  and  screen 
for  useful  lynphocyte  clones,  the  antibodies  themselves  generally  have  lower 
binding  affinities  than  standard  rabbit  or  goat  polyclonals,  and  the  fact 
that  they  are  generally  monovalent  limits  their  use.  Nevertheless,  they  have 
proven  inmensely  useful.  Several  highlights  belcw  rely  on  the  use  of  mono- 
clonal antibodies  for  their  exciting  findings.  Although  in  the  past  few  years 
we  have  included  a  few  highlights  using  monoclonal  antibodies,  this  is  the  first 
year  we  have  several,  and  they  reveal  some  of  the  breadth  of  utility  of  these 
antibodies.  For  exairple.  Dr.  J.  Glorioso  has  used  monoclonals  to  dissect  the 
glycoprotein  coat  of  herpes  virus  into  its  several  dcrnains.  These  donains  are 
of  great  interest  because  sane  are  conserved  between  different  types  of  lierpes 
virus,  and  others  are  type  specific.  Such  dissection  of  dorains  should  lead  to 
understanding  of  the  mechanism  of  viral  entry  into  target  cells,  as  well  as  the 
developnent  of  vaccines  to  the  envelope  glycoproteins.  A  second  exanple  is  the 
use  of  nonoclonals  by  Dr.  A.F.  Horwitz.  To  find  a  membrane  protein  of  a  given 
function,  in  this  case  cell-cell  and  cell-substrate  attachment,  monoclonals  are 
screened  for  interference  with  that  function.  Here,  the  CSAT  strain  was  found 
to  disrupt  cell  attachment.  Standard  biochemical  techniques  are  then  used  to 
find  the  target  antigen,  Vv^ich  did  indeed  turn  out  to  be  an  attachment  protein. 
Finally,  Dr.  N.B.  Gilula  used  monoclonal  antibodies  against  a  known  antigen  of 
identified  function,  in  this  instance  gap  junction  protein,  to  selectively  dis- 
rupt the  function  of  that  antigen.  Since  selective  inhibitors  are  not  always 
known,  and  their  selectivity  always  open  to  question,  the  specificity  of  mono- 
clonals holds  the  promise  of  providing  the  perfect  inhibitor.  Although  in 
practice  the  selection  and  use  of  such  inhibitors  turns  out  to  be  very  diffi- 
cult, using  these  antibodies.  Dr.  Gilula  has  demonstrated  sane  inportant  and  in- 
teresting consequences  of  disruption  of  intercellular  cortnunication  in  embryos. 

Another  technical  advance  vv^ich  has  been  supported  by  the  CMBD  Program  and  used 
by  grantees  is  the  development  of  calcium-sensitive  dyes,  most  notable  by  Dr. 
R.  Tsien.  Over  the  past  several  years  the  annual  report  has  included  discussion 
on  the  role  of  intracellular  calcium  as  a  regulator  of  cell  processes,  and  a 
putative  second  messenger.  Grantees  have  looked  at  the  control  of  gap  junction 
permeability  by  calcium,  as  well  as  that  of  exocytosis  and  cell  motility.  It 
has  been  clear  that  intracellular  calcium  is  very  inportant,  but  its  activity 
is  very  lew,  perhaps  belcw  10"'^  M  in  many  cells.  This  makes  the  development  of 
probes  v\^ich  are  selective  and  sensitive  in  this  range  all  the  more  inportant 
but  difficult.  Dr.  Tsien  has  also  synthesized  agents  which  transport  calcium, 
and  several  other  grantees  have  synthesized  and  studied  calcium  ionophores. 
Often  the  mode  of  action  of  intracellular  calcium  is  via  calmodulin  and  related 
proteins.  NIGMS  supports  some  excellent  research  into  calmodulin  biochemistry; 
the  highlight  on  Dr.  D.M.  Watterson  discusses  a  particularly  premising  exartple. 

This  year  we  include  two  highlights  on  cell  cycles.  In  the  OBJECTIVES  section 
above,  we  describe  the  wide  range  of  research  supported  by  CMBD.  Although  seme 
of  the  tlieoretical  studies  on  model  systems  and  diffraction  analyses  of  proteins 
now  are  supported  by  the  Biophysics  and  Physiological  Sciences  Program,  the 
CMBD  program  still  stretches  from  the  atomic  basis  of  enzyme  catalysis,  to  cell 
development,  growth,  and  cell-cell  interactions.  In  many  ways,  research  at  the 
highest  level  of  organization,  the  cell  or  tissue,  is  most  difficult  because 
the  systems  are  so  ccrplicated  and  the  variables  hard  to  know  or  control.  Yet, 
cell  biology  has  made  remarkable  strides  in  the  last  decade,  and  these  two 
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highlights  provide  sane  insights  into  the  hypotheses.  The  research  of  Dr.  C. 
Helmstetter,  although  into  ' cell-cycles ' ,  actually  concerns  bacterial  repli- 
cation. As  we  knew  more  and  irore  about  bacterial  physiology,  and  have  been 
able  to  manipulate  the  organisms,  the  bacteria  have  proven  to  be  useful  mod.els 
for  processes  that  ordinarily  are  identified  with  higher  organisms.  One  exairple 
we  have  provided  this  year  is  the  use  of  Myxobacteria  as  models  for  developsnental 
processes.  Dr.  A.D.  Kaiser  has  proven  the  usefulness  of  these  bacteria  as 
models,  and  other  grantees  have  utilized  B.  subtilis  sporulation,  or  Caulobacter 
stalk  growth,  as  developmental  models.  Dr.  C.  Helmstetter  has  investigated 
cell  replication  in  E.  coli,  and  has  provided  insights  into  the  sequence  of 
events  which  may  also  be  found  in  eukaryotes.  Dr.  A.  Pardee,  on  the  other 
hand,  has  used  eukaryotic  cells,  although  in  tissue  culture,  to  ask  questions 
about  the  control  of  the  cell  cycle.  He,  and  many  other  CMBD  grantees,  scrte 
of  vihcm  have  been  cited  in  this  highlight,  have  found  tissue  culture  cells  to 
be  well-suited  to  the  study  of  cell  cycles.  It  is  possible  to  ccxitrol  growth 
in  these  cells,  synchronize  entire  cultures,  and  manipulate  the  stages  of  the 
cycle.  As  can  be  seen  in  the  highlight,  under  these  grcMrth  conditions  it  is 
possible  to  investigate  in  detail  the  molecular  biological  basis  of  cell 
function  and  the  genetic  basis  of  metabolic  processes  and  cell  growth  can  be 
elucidated . 

NIGMS  is  the  basic  researcli  institute,  and  supports  many  lines  of  study  of 
interest  to  more  than  one  categorical  institute.  In  general,  we  would  expect 
a  period  of  several  years  between  NIGMS-sponsored  researdi  and  the  beginning 
of  application  of  this  knowledge  to  actual  disease  processes.  In  seme  cases, 
the  techniques  and  approaches  developed  under  NIGMS  auspices  may  be  utilized 
in  research  projects  supported  by  the  categorical  institutes,  which  in  turn 
lead  to  understanding,  treatment  and  prevention  of  disease.  Given  this,  it 
might  seem  surprising  hew  clearly  research  supported  by  this  institute  relates 
to  normal  and  abnormal  human  function.  However,  the  gap  between  the  most 
basic  research  and  human  function  is  never  that  great,  and  the  CMBD  highlights 
included  below  provide  several  further  exarrples  of  that  point. 

The  research  by  Dr.  S.  Wakil,  for  exairple,  reveals  hew  detailed  examination  of 
the  enzymes  in  a  pathway  in  bacteria  can  shed  light  on  the  function  of  a  human 
enzyme.  In  this  case,  the  enzyme  is  in  the  pathway  of  synthesis  of  fatty  acids, 
a  process  of  immediate  concern  to  millions  of  Americans.  Dr.  Bernard  Trunpower 
has  shewn  the  advantage  of  using  a  bacterial  model  to  study  a  process,  mitochon- 
drial respiration,  that  is  so  ccnplicated  that  it  is  hard  to  study  in  mammalian 
tissues.  Dr.  J.  Glorioso's  research  is  of  obvious  potential  usefulness.  Al- 
though his  work  enploys  tlie  virus  as  a  model,  herpes  sinplex  and  its  relatives 
are  inportant  human  viruses,  whose  mode  of  transmission,  mechanism  of  cell 
penetration,  and  antigenicity  are  significant  questions  in  medical  research. 
Dr.  Khorana's  work,  although  directed  primarily  to  bacteriorhodopsin,  is  now 
being  extended  to  vertebrate  rhodopsin.  This  protein,  and  the  closely  related 
iodopsins,  are  the  human  visual  pigments.  Although  essential  for  vision,  and 
intensively  studied,  surprisingly  little  is  known  about  inportant  features  of 
rhodopsin,  and  Dr.  Khorana  premises  to  add  appreciably  to  our  understanding  of 
these  proteins.  These  research  efforts  demonstrate  the  utility  of  bacteria  as 
models. 

Calcium  plays  such  an  inportant  role  in  many  human  cell  prcx::esses,  and 
calmodulin  is  an  essential  intermediate  in  so  many  of  these,  that  its  human 
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significance  needs  little  added.  One  point  to  be  made  is  that  calmodulin  is 
very  sLmilar  to  calcium-sensitive  muscle  proteins,  and  several  OVIBD  grantees 
are  currently  studying  the  regulation  of  calcium  fluxes  in  muscle  cells. 
These  fluxes  control  the  actual  contractile  force  generation.  The  similarities 
between  cellular  motility  and  muscle  motility  are  many,  including  the  role  of 
calcium-sensitive  protein  in  modulating  both  muscle  contraction  and  ciliary 
movement,  as  detailed  in  the  work  by  Dr.  \^lhitman.  The  ATPase  containing  force- 
generating  protein  in  cilia,  dynein,  presents  an  interesting  ccxtparison  with 
muscle  myosin.  Drs.  Gilula  and  Horwitz,  v^ose  work  has  broad  potential  irrport, 
have  already  shown  that  the  proteins  tliey  are  studying  play  an  essential  role 
in  normal  vertebrate  developnent.  Dr.  D,  Goodenough  has  been  studying  the  Zona 
Occludens.  This  s'JDcellular  structure  is  found  in  many  human  tissues,  but  he 
has  been  finding  out  a  great  deal  about  its  role  in  the  liver,  v\^ere  it  is  ess- 
ential to  proper  epithelial  transport. 

The  highlight  on  anion  transport  cites  many  workers,  and  reveals  hew  NIGMS  sup- 
port of  basic  function,  in  this  case  ion  transport,  leads  to  the  understanding 
of  essential  human  physiology,  here  gas  exchange  in  the  lungs  and  blood.  Al- 
though it  is  not  surprising  that  the  use  of  human  erythrocytes  as  models  will 
lead  to  the  understanding  of  the  function  and  disease  of  human  blood,  what  is 
unexpected  is  the  renewed  interest  in  anion  transport  in  general.  NIGMS  has 
supported  sane  key  studies  on  the  genetics  of  cystic  fibrosis,  but  generally 
we  have  not  supported  much  research  into  the  physiological  defect.  However, 
research  supported  by  other  institutes  has  increasingly  pointed  to  the  primary 
defect  as  being  in  anion  transport.  Work  sponsored  by  us  as  well  as  by  otliers, 
has  revealed  many  of  the  ccmmon  features  of  anion  transport  in  the  diverse 
transporters  found  in  nature.  This  may  mean  that  much  of  the  research  on  the 
erythrocyte  anion  transporter  may  be  applicable  to  the  chloride  transport 
deficiency  found  in  cystic  fibrosis. 

CMBD  supports  an  appreciable  amount  of  research  into  cell-cell  recognition  and 
adliesion.  The  work  of  Dr.  S.D.  Rosen,  highlighted  below,  demonstrates  hew 
inportant  such  recognition  can  be.  In  this  case,  cell  recognition  is  essential 
to  the  systardc  iimiune  response.  Taking  an  approach  initially  developed  with 
slime  molds,  this  investigator  is  now  investigating  mammalian  immune  response. 

Lastly,  Dr.  Pardee's  research  demonstrates  how  cultured  cells  can  be  used  to 
ask  questions  concerning  growth  control  and  cancer.  Since  cancer  is  a  disease 
of  growdi  control,  research  into  growth  can  lead  to  understanding  of  cancer. 
In  addition.  Dr.  Pardee,  and  seme  of  his  colleagues,  also  supported  by  NIC3^, 
have  led  in  the  study  of  oncogenes  and  their  role  in  the  control  of  the  cell 
cycle.  This  may  lead  to  our  understanding  of  the  function  of  proto-oncogenes 
in  normal  cells,  as  well  as  the  essential  steps  in  cell  transformation. 

As  can  be  seen  frcm  these  descriptions,  CMBD  supports  a  wide  range  of  projects, 
v^ich  develop  and  utilize  state-of-the-art  techniques  to  further  our  understand- 
ing of  basic  biemedical  processes.  Sucih  understanding  can  be  of  great,  and 
even  immediate,  significance. 

"The  T4-bacterial  Gene  Coding  for  Thymidylate  Synthase" 
ROl  04  26387-06  (Maley,  F.),  New  York  State  Department  of  Health,  Albany 

Thymidylate  synthase  is  an  inportant  enzyme  in  OSIA  synthesis  in  that  it  catal- 
yzes the  methylation  of  deoxyuridylate  to  thymidylate,  an  essential  precursor 
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for  DNA  biosynthesis.  The  enzyme  has  been  a  target  for  chemotherapeutic  drugs 
since  the  finding  that  this  enzyme  is  the  primary  site  of  action  of  5-f luoroura- 
cil,  an  analog  of  the  nucleotide  substrate.  Unfortunately,  because  this  drug 
inpairs  the  synthase  fron  tumor  and  normal  tissue  to  the  same  degree,  the  abil- 
ity to  obtain  a  selective  response  in  favor  of  the  host  is  rather  limited. 
However,  a  great  degree  of  selectivity  was  observed  with  analogs  of  the  second 
substrate  of  thymidylate  synthase,  5,  10-methylenetetrahydrofolate  (mtf)  v*ien 
the  synthases  from  T4-bacteriophage  and  its  bacterial  host,  Escherichia  coli, 
were  ccrrpared.  Thus,  it  was  observed  that  the  phage  enzyme  could  be  ccnpletely 
inhibited  by  an  analog  of  mtf  without  affecting  the  host  synthase.  To  under- 
stand the  molecular  basis  for  this  effect.  Dr.  Frank  Maley  and  his  collaborators 
undertook  a  structural  ccriparison  of  these  enzymes.  Dr.  Maley  had  previously 
established  the  amino  acid  sequence  of  the  I.actobacillus  casei  synthase  by 
classical  protein  techniques;  however,  he  determined  the  sequence  of  the  bacter- 
iophage and  E .  coli  enzymes  by  examining  both  the  proteins  and  their  genes.  To 
aid  in  this  procedure  the  gene  for  the  bacterial  enzyme  and  that  for  the  phage 
enzyme  (td)  were  isolated  and  placed  in  a  plasmid  vector  capable  of  expressing 
these  genes  and  their  protein  products  in  large  quantities.  Although  no  great 
surprises  were  found  on  ccnparing  the  sequences  of  the  E .  coli  and  L .  casei 
enzymes,  a  51  amino  acid  deletion  in  the  E.  coli  synthase  was  found,  Vihich  v^en 
craLtted  from  a  cotparison  of  the  two  enzymes  revealed  a  62  percent  honology 
between  them.  This  hcraology  increased  to  82  percent  in  the  active  site  region. 

In  contrast  to  the  E.  coli  gene,  which  enccsnpassed  a  792-base  pair  open  reading 
frame  coding  for  264  amino  acids,  the  gene,  as  isolated,  for  the  phage  enzyme 
contained  2,094  base  pairs  v\^ile  encoding  for  only  286  eimino  acids.  On  the 
basis  of  three  nucleotides  per  amino  acid,  only  858  nucleotides  should  have 
been  required  to  provide  sufficient  information  to  code  for  the  T4-phage  syn- 
thase. This  anomaly  was  resolved  by  the  finding  that  the  gene  was  interrupted 
by  an  intron  of  1,017  nucleotides  two- thirds  of  the  way  through  the  open  reading 
frame  for  the  coding  sequence  of  the  phage  gene.  The  intron  contained  a  termin- 
ation codon  at  its  5 '-end;  at  its  3 '-end  the  intron  possessed  a  start  codon, 
followed  by  an  open  frame  for  the  ronaining  102  amino  acids  encoded  by  the  gene 
( see  the  schematic  below) .  The  sequence  of  the  phage  enzyme  deduced  fron  its 
gene  was  confirmed  by  Dr.  Maley  using  protein  sequence  data.  This  finding  was 
the  first  reported  for  the  presence  of  an  intron  in  the  structural  gene  of  a 
non-eukaryote . 

In  vivo  studies  with  a  plasmid  containing  the  td  gene  revealed  that  during  the 
course  of  expression  of  this  gene  various  RNA  species  were  produced  that  hybrid- 
ized with  labeled  oligomeric  probes  corresponding  to  different  segments  of  the 
gene.  Thus,  a  prenessage  RNA.  about  2.7  kilobases  in  length  corresponding  to 
the  primary  RNA  transcript  was  recognized,  as  well  as  those  corresponding  to 
the  intron  (1.0  kilobase)  and  to  processed  mature  messenger  RNA  (1.7  kilobases) . 
Coincident  with  the  formation  of  these  RNA.  species,  two  protein  translation 
products  were  also  observed,  one  corresponding  to  mature  thymidylate  synthase 
and  the  other  to  tlie  first  exon,  about  25  kD  in  size. 

Similar,  but  even  more  dramatic  findings  were  obtained  by  Dr.  Maley 's  labora- 
tory using  an  in  vitro  coupled  transcription-translation  system.  They  found 
not  only  that  the  two  protein  products  described  above  could  be  iitmunoprecipi- 
tated  with  antibody  to  T4-phage  thymidylate  synthase,  but  also  that  active  en- 
zyme synthesis  could  be  detected.  In  keeping  with  v\hat  was  anticipated,  enzyme 
appearance  followed  that  of  itiature  message,  \iA\ich.  in  turn  followed  the  appearance 
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of  pre-message .  Characterization  of  the  RNA.  products  produced  in  vitro  with 
the  SP6-RNA  polymerase  system  revealed  a  corplex  mixture  of  RNAs  containing 
pre-message,  message,  and  both  of  the  exons,  which  are  normally  spliced  to  form 
mature  synthase  message.  More  recently  it  was  shown  that  incubation  of  the 
isolated  pre-message  (2.7  kilobases)  in  a  test  tube,  under  various  conditions, 
results  in  excision  of  the  1.0  kildbase  intron  consequent  with  the  union  of  the 
two  exons  to  form  mature  thymidylate  synthase  message.  The  excised  intron  is 
present  in  both  circular  and  linear  structures.  Although  similar  results  have 
been  shown  by  Cech  (GM  28039)  with  Tetrahymena  ribosainal  RNA,  it  is  the  first 
time  that  this  route  for  mature  message  formation  has  been  shewn  outside  of  a 
eukaryotic  system. 

Aside  from  these  striking  results,  the  mechanism  of  vv^ich  is  still  under  invest- 
igation, anotiier  significant  finding  was  obtained.  The  original  goal,  that  of 
explaining  the  difference  in  inhibition  of  tlie  T4-phage  and  E.  coli  synthases, 
was  approached  \^en  Dr.  Maley's  group  identified  an  arginine  in  the  folate 
binding  site  of  E.  coli  thymidylate  synthase,  but  found  a  lysine  in  the  same 
site  in  the  T4-phage  synthase.  The  L.  casei  synthase,  v^^ich  was  also  subject 
to  inhibition  by  folate  analogs,  also  contained  a  lysine  in  its  folate  binding 
site.  It  would  therefore  appear  that  the  placement  of  an  arginine  at  the  bind- 
ing site  could  contribute  to  the  ability  of  the  E.  coli  enzyme  to  escape  inhibi- 
tion by  the  folate  analogs. 

Thus,  while  the  original  intent  of  this  investigation  was  to  conduct  a  phylo- 
genetic  ccnparison  of  various  thymidylate  synthases,  it  has  revealed  sane  fas- 
cinating, albeit  lunanticipated,  findings  concerning  the  structure  of  a  viral 
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"Clarifications  of  DNA  Polymerase  Chemistry" 
ROl  GM  21199-16  (Sigman,  D.),  University  of  California,  Los  Angeles 

The  cfhelating  agent,  ortho-phenanthroline  (OP),  has  played  an  irrportant  part  in 
studying  the  role  of  transition  metal  ions  in  biological  catalysis. 


ortho-phenanthroline  (OP) 


Inhibition  of  enzymatic  activity  by  this  chelating  agent  has  been  taken  as  an 
indication  that  a  metal  ion  might  play  a  central  role  either  in  the  catalytic 
mechanism  or  the  structure  of  the  enzyme.  Beginning  in  the  early  70s,  many 
laboratories  reported  that  OP  inhibited  a  variety  of  CNA  and  RNA  polymerases; 
this  observation  and  other  data  have  led  to  the  widely-held  idea  that  these 
polymerases  are  dependent  on  zinc  ions  for  their  mechanistic  and/or  structural 
integrity.  It  has  new  beccme  apparent,  however,  that  OP  inhibition  of  at  least 
one  polymerase,  the  well-studied  E .  coli  DNA  polymerase  I  (pol  I),  is  far  mDre 
carpi  ex  than  originally  thought.  The  nature  of  this  inhibition,  which  has 
been  elucidated  by  Dr.  David  Sigman,   is  the  subject  of  this  highlight. 

Dr.  Sigman  has  found  that  the  inhibition  arises  not  from  OP  itself  but  rather 
from  a  catplex  it  forms  with  adventitious  copper  ions,  carried  into  the  assay 
mixture  as  a  contaminant  in  the  buffers.  This  OP-ccpper  ion  ccsrplex,  in  the 
presence  of  a  reducing  agent  and  the  oxygen  present  in  solution,  generates 
peroxide  which,  under  these  conditions,  causes  OsIA  chain  cleavage.  This 
cleavage  reaction  produces,  among  other  species,  DNA  fragments  phosphorylated 
on  the  3'  terminus,  and  it  is  these  materials  vy^ich  are  actually  inhibitory. 
These  fragments,  of  course,  readily  bind  to  the  enzyme  because  they  have  the 
general  structural  features  required  by  the  pol  I  of  a  tenplate-primer,  but  the 
presence  of  the  phosphate  on  the  normally-reactive  3'-hydroxyl  group  precludes 
their  utilization  as  a  substrate. 

Dr.  Signen  is  investigating  the  details  of  this  reaction  and  has  found  that  the 
reactive  species  (1)  reacts  preferentially  with  double-stranded  ENA  that  is  in 
the  B  conformation  (Z-ENA,  interestingly,  is  unreactive),  (2)  has  no  effect  in 
the  presence  of  agents  known  to  intercalate,  and  (3)  is  capable  of  chain  cleav- 
age between  any  pair  of  adjacent  nucleotide  residues,  although  local  conforma- 
tions within  B-DNA  can  render  particular  regions  unreactive.  The  former  two 
observations  suggest  that  the  catalytic  species,  which  is  actually  the  tetra- 
hedral  2:1  OP-cuprous  ion  conplex,  must  itself  bind  to  OSIA  in  order  to  facilitate 
the  scission  reaction.  Dr.  Sigman  has  proposed  a  plausible  mechanism,  invol- 
ving hydroxyl  radicals  produced  from  peroxide  in  the  presence  of  the  conplex, 
that  account  for  the  observed  properties  of  this  reaction. 

Ihis  reaction  of  the  OP-cuprous  ion  conplex  and  peroxide  with  double-stranded 
CNA  is  of  interest  frcm  several  vantage  points.  First,  this  work  defines  a 
previously  unrecognized  mode  of  inhibition  of  polymerases  by  OP.  Secondly, 
hydroxyl  radicals  and  other  oxygen  species  appear  responsible  for  many  DNA 
modifications,  including  chain  scission;  thus,  the  further  examination  of  ttiis 
reaction  may  reveal  scxne  principles  of  these  inportant  ENA-damaging  processes. 


23 


Third,  since  the  nuclease  activity  of  the  OP-cuprous  ion  ccrtplex  appears  to  be 
dependent  en  the  three-dimensional  structure  of  the  nucleic  acid,  the  reagent 
may  be  useful  in  delineating  local  conformational  variations  in  ENA  structure. 

It  should  also  be  jxointed  out  that  a  number  of  laboratories,  including  Dr. 
Sigman's,  have,  in  view  of  these  findings,  carefully  re-examined  the  Zn-ion 
dependency  of  DNA  pol  I  and  found  that  neither  the  polymerase  nor  the  3'—^  5' 
exonuclease  activity  is  truly  Zn-ion  dependent.  These  findings  raise  obvious 
questions  for  the  many  other  polymerases  thought  to  be  Zn-ion  dependent. 

"Work  on  Glutamine  Amidotransf erases " 

ROl  GM  24658-15  (Zalkin,  H.),  Purdue  University 

ROl  a^  09738-23  (YanofsT<:y,  C),  Stanford  University 

Glutamine  amidotransferases  are  a  widely-distributed  class  of  enzymes  that 
utilize  the  side  chain  -CNH2  group  of  glutamine  as  a  nitrogen  source  in  the 
biosynthesis  of  amino  acids,  purine  and  pyrimidine  nucleotides  and  certain  co- 
enzymes. These  enzymes,  which  play  a  significant  role  in  the  metabolism  of 
assimilated  nitrogen  by  both  eiikaryotes  and  prokoryates,  have  been  studied  for 
many  years  by  Dr.  Howard  Zalkin  and  his  colleagues  at  Purdue  University.  While 
Dr.  Zalkin  has  investigated  the  structural  and  functional  properties  of  a  num- 
ber of  glutamine  amidotransferases,  this  sunmary  will  highlight  only  one  of 
the  enzymes,  anthranilate  syntlietase. 

Anthranilate  synthetase  (AS)  is  perhaps  the  best  characterized  of  the  glutamine 
amidotransferases.  The  enzyme,  which  catalyzes  the  first  conmitted  step  in 
tryptophan  biosynthesis,  is  an  oligoner  of  naiidentical  subunits,  referred  to  as 
AS  I  and  II.  The  AS  I  subunit  alone  can  catalyze  the  airmonia-dependent  synthe- 
sis of  anthranilate  (equation  1)  via  a  multi-step  process. 
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The  AS  II  subunit  binds  glutamine  and  iirparts  to  the  AS  I /AS  II  ccsrplex  the 
ability  to  use  glutamine  as  an  amino  nitrogen  source.  The  rate  of  anthranilate 
production  via  the  AS  l/AS  II  ccnplex  and  glutamine  is  higher  than  via  AS  I  and 
aitinonia.  AS  is  typical  of  glutamine  amidotransferases  in  that  it  is  also  divided 
into  two  functional  units.  One  unit  catalyzes  hydrolysis  of  the  glutamine 
amide  to  make  anmonia  intnediately  available  to  the  second  unit.  This  latter 
unit  takes  ammonia  obtained  either  fran  the  first  unit  or  frcm  solvent  and  adds 
it  to  sane  metabolic  intermediate  (such  as  chorismate:  see  equation  1).  In  AS 
these  functional  units  are  associated  with  separate  proteins  but  in  other  glu- 
tamine amidotransferases  they  exist  as  separate  dcmains  of  a  single  protein. 

Chemical  modification  studies  of  the  AS  l/AS  II  catplex  have  strongly  iitplicated 

an  AS  II  active  site  cysteine  as  being  essential  for  the  glutamine  amidotrans- 
ferase  activity,  and,  as  expected  for  an  active  site  residue,  this  cysteine  is 
conserved  in  all  microbial  AS  II  sequences.  Dr.  Zalkin,  seme  years  ago,  propos- 
ed a  chemical  raedianism  involving  the  cysteine  that  accounts  for  the  capacity 
of  the  AS  II  subunit  to  free  the  amide  ni.trogen  fron  glutamine  and  transfer  it 
to  AS  I  for  incorporation  into  anthranilate. 
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Recently,  Dr.  Zalkin  and  his  co-workers  have  used  site-directed  mutagenesis  to 
examine  further  tl-ie  role  of  the  cysteine  in  glutamine  utilization.  Working 
with  AS  II  subunit  from  the  bacteria  Serratia  marcescens,  they  replaced  the 
iitplicated  cysteine  (at  sequence  position  84)  with  a  glycine  residue  and  found 
that  the  replacement  abolished  the  glutamine-dependent  anthranilate  synthetase 
activity  of  the  mutant  AS  I /AS  II  carpi  ex  but  not  its  ammonia-dependent  activity. 
While  the  most  likely  explanation  of  these  results  is  that  the  catalysis  is 
dependent  on  the  cysteinyl  residue,  one  can  question  v^hether  the  functional 
loss  results  frcm  the  replacotient  of  the  putative  catalytic  residue  or  results 
from  a  secondary  structural  alteration.  However,  recent  structural  ccsnparison 
of  the  wild-type  and  mutant  enzyme  in  Dr.  Zalkin's  lab  has  indicated  very 
strong  similarities;  thus,  the  loss  of  activity  can  be  attributed  to  the  absence 
of  a  catalytic  conpcnent,  the  cysteinyl  residue. 

The  AS  II  subunit  frcm  S.  marcescens  is  a  small  (M.W.=  20  kD)  monof unctiona  1 
protein,  as  it  is  for  a  nuniber  of  other  bacteria.  However,  in  sane  other 
prokaryotes  the  AS  II  subunit  is  part  of  a  larger  bi functional  protein;  in 
these  prokaryotes  the  other  portion  of  the  protein  catalyzes  the  second  step  of 
the  tryptophan  pathway.  The  AS  II  subunit  structure  of  two  eukaryotic  enzymes 
has  new  been  examined  by  Dr.  Charles  Yanofsky  (GM-09738)  at  Stanford  University 
with  collaboraticn  frcm  Dr.  Zalkin.  They  have  determined  that  the  AS  II  subunit 
frcm  these  eukaryotes  is  also  part  of  a  multi-functional  enzyme.  For  exairple, 
these  workers  have  isolated  and  sequenced  a  yeast  gene  that  codes  for  a  protein 
corposed  of  an  N-terminal  sequence  hcmologous  to  a  known  AS  II  subunit,  an 
eleven  residue  linker  peptide,  and  a  C- terminal  sequence  homologous  to  a  protein 
with  indole  glycerolphosphate  synthetase  (IGPS)  activity.  (This  activity  is 
responsible  for  one  of  the  last  few  steps  in  tryptophan  biosynthesis.)  While 
the  enzyme  hasn't  been  isolated  and  characterized,  this  gene  sequencing  work 
virtually  establishes  the  existence  in  yeast  of  a  bifunctional  protein  respon- 
sible for  both  AS  II  and  IGPS  activity.  Thus,  it  is  likely  that  this  organism 
has  the  capacity  to  modulate  coordinately  the  level  of  these  two  enzymatic 
activities,  v*iich  are  both  needed  in  tryptophan  biosynthesis.  This  conclusion 
is  strengthened  by  the  finding  that  in  the  5 '-region  flanking  the  coding  se- 
quence there  is  a  nucleotide  sequence  that  could  function  in  the  regulation  of 
gene  transcription. 

Finally,  Dr.  Zalkin  has  noted  frcm  his  sequence  work  on  AS  and  other  glutamine 
amidotransferases  that  a  homology  exists  between  many  of  these  enzymes  in  that 
portion  of  the  protein  that  hydrolyses  the  glutamine;  this  homology  is  consis- 
tent with  a  camion  evolutionary  origin  of  these  structures.  It  has  further 
been  suggested  that  an  early  organism  "recruited"  the  prototypic  glutamine 
hydrolyzing  protein  for  use  by  the  anmonia-requiring  enzynes,  thereby  acquiring 
a  survival  advantage  from  the  obvious  added  metabolic  flexibility. 

"Progress  on  Understanding  the  Enzyme  Fatty  Acid  Synthetase" 
ROl  ©4  19091-14  (Wakil,  S.),  Baylor  College  of  Medicine 

The  seven  enzymes  v\hich  catalyze  the  biosynthesis  of  the  fatty  acid  palmitate 
from  acetyl-CoA  and  malonyl-CoA  in  E.  coli  are  known  to  be  associated  in  vivo; 
they  are,  however,  dissociated  into  discreet  individual  enzymes  upon  cell  dis- 
ruption. The  protein  corrponents  (seven  enzymes  plus  the  acyl  carrier  protein) 
and  the  individual  reactions  of  palmitate  biosynthesis  are  summarized  below: 
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(1)      Aeeryl  tr»ni»eyUse        (AT) 

CH3COS-C0A  *  ACP-SH^=i-CH3C0S-ACP  i-CoA-SH. 

^^'      Milonyl  tnnaeylaK       ^^'^^  ACP  =  Acyl   carrier   protein 

COOH  COOH 

I  I 

CH,COS-CoA  +  ACP-SH:5=iCHjC0S-ACP-+CoA-SH. 

(3)      g-KeiOicyl-ACP  $ynthet»se       (KS) 

CH3CO&-ACP  +  En2-SH^?==*=CH3COS-Eni  ♦  aCP-SK, 

COOH 
CHjCOS-Enz +  CH.COS-ACP ^CHjCOCH-COS-aCP  +C0,  +Enz-SH. 

(^)       ^Keio«irM-ACP  rtducmt        (KE) 

tHjCOCH.COS-ACP  •»  NaDPH       +  H«^f=^D-CH,CHOHCK.COS-aCP       '  nadp* 

(^^        g-Hydroxy»cyl-ACP  denydraitst       (DH) 

CH3CH0HCKjCOS-aCP^=*  rrflnj-CK3CK=CHC0S-ACP     +  KjO. 

(6)  Enoyl-ACP  ztaucitst        (ER) 

CHjCH"=CHCOS-aCP  *  NADPK  *  H* ».  CHjCHjCK^COS-ACP  *  NaDP* 

The  product  of  reaction  six  is  utilized  as  a  substrate  for  repetitions 
of  the  elongation  sequence  (reactions  3-6)  until  the  palmitate  chain 

is  fully  elaborated  to  give  CH. (CH^) , , COS-ACP 

J    ^  lA 

(7)  Thioesterase         (TE) 

CH3(CH3)„COS-ACP-K,D >CH3(CK,)„C00H     +  aCP-SH 

While  these  saine  reactions  are  utilized  for  this  pathway  in  vertebrates,  the 
individual  catalytic  activities  that  facilitate  these  reactions  are  not  assoc- 
iated with  discreet  proteins.  They  are,  rather,  the  properties  of  a  massive 
dimeric  protein.  In  its  native  form,  this  protein,  fatty  acid  synthetase 
(fas),  catalyzes  all  the  individual  steps  in  palmitate  biosynthesis.  Recently, 
a  model  that  incorporates  most  of  the  structural  and  functional  properties  of 
FAS  was  proposed  by  Dr.  Salih  Wakil  of  the  Baylor  College  of  Medicine.  This 
model,  Vihich  was  worked  out  over  the  last  decade  with  the  support  of  the  NKjMS, 

is  the  subject  of  this  highlight. 

By  the  mid-1970's  there  was  general  agreement,  based  on  the  work  of  a  number 
of  investigators  including  Dr.  Wakil,  that  FAS  was  ccsrposed  of  tvo  subunits 
which  were  identical  in  all  respects;  each  subunit  had  the  same  mDlecular 
weight,  shape,  charge,  and  molar  content  of  the  prosthetic  group,  4'-phospho- 
pantetheine.  Interestingly,  the  dissociated  subunits  retained  six  of  the  seven 
enzymatic  activities  required  for  fatty  acid  synthesis  but  lacked  the  3  -keto- 
acyl  syntlietase  (KS)  activity — the  activity  required  for  carbon-carbon  bond 
formation. 

Working  out  of  this  background,  Dr.  Wakil  is  carrying  out  two  related  studies — 
one,  to  determine  the  stiructural  properties  of  the  subunits,  and  the  other,  to 
ascribe  functional  characteristics,  i.e.,  enzymatic  activities,  to  the  structur- 
al regions  defined  in  the  first  study.  Structural  studies  of  multifunctional 
enzymes  often  reveal  that  they  are  arranged  as  a  series  of  globular  dcmains 
that  contain  the  sites  of  catalytic  or  regulatory  activity;  these  donains  are 
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cxDnnected  by  polypeptide  bridges  Whicih  are  often  more  exposed  and  therefore  sus- 
ceptible to  proteolytic  cleavage.  This  susceptibility  sometimes  makes  it  pos- 
sible to  fragment  a  protein  into  separable  danains,  and  such  is  the  case  for 
fatty  acid  synthetase.  Indeed,  Dr.  Wakil  has  found  that  there  are  three  major 
danains,  referred  to  as  I,  II,  and  III.  The  latter  cne  of  these  is  a  33  kilo- 
Dai  ton  (kD)  protein  specifically  removed  frcm  the  FAS  subunit  ty  a-  chymotrypsin 
leaving  a  230  kD  core  protein.  Functionally,  the  Domain  III  protein  was  easy 
to  characterize — it  was  a  thioesterase  and  presumably  responsible  for  reroving 
the  fatty  acid  end  product  frcm  the  enzyme  in  vivo.  The  core  protein  as  a 
dimer,  retained  all  the  repetitive  activities  involved  in  the  step-wise  assembly 
of  fatty  acyl  chains  but  lacked  the  ability  to  release  the  product.  Since  the 
intact  synthetase  had  a  blocked  N- terminus,  and  the  Domain  III  protein  has  a 
free  N- terminus,  it  was  concluded  that  Domain  III  was  located  at  the  carboxyl 
end  of  the  subunit. 

The  other  domains  were  defined  by  work  utilizing  a  protease  from  Myxobacter . 
This  proteolytic  enzyme  was  found  to  cleave  the  intact  subunit  into  a  127  kD 
and  a  138  kD  fragn^snt,  the  latter  of  vvhidh  was  further  cleaved  much  more  slcwly 
to  a  107  kD  protein  and  33  kD  thioesterase — Domain  III.  This  evidence  and 
similar  cleavages  using  other  proteases  formed  the  basis  of  Dr .  Wakil '  s  map  of 
the  structural  regions  of  FAS,  which  are  schematically  shown  belcw: 
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As  the  figure  indicates,  the  larger  dcmains  iTiay  be  further  subdivided  and  map- 
ped by  the  action  of  individual  proteases  into  a  number  of  distinct  regions: 
Domain  I  into  sub-domains  of  60,  45,  and  23  kD;  Domain  II  into  sub-domains  of 
14,  56,  21,  and  15  kD.  This  proteolytic  map  served  as  a  reference  for  the  de- 
termination of  the  loci  of  the  functional  activities  of  the  synthetase. 

Starting  with  this  structural  model,  as  embodied  in  the  fragmentation  map, 
this  group  has  sought  to  locate  the  functional  centers  of  the  enzyme.  Although 
functionality  in  a  mijltifunctional  protein  is  not  necessarily  associated  with 
specific  proteolytically-generated  fragments,  it  certainly  can  be,  as  illustra- 
ted by  the  association  of  thioesterase  activity  with  Domain  III.  Dr.  Wakil' s 
laboratory  has  thus  far  been  able  to  make  assignments  (with  differing  degrees 
of  confidence)  of  six  of  the  seven  catalytic  activities  of  FAS.  They  have  also 
located  tlie  site  to  vvhich  the  growing  fatty  acid  chain  is  anchored  during  syn- 
thesis. These  assignments  depended  upon  the  known  properties  of  the  active 
sites  of  the  individual  activities.  For  exanple,  the  growing  fatty  acid  chain 
is  known  to  be  anchored  to  the  enzyme  through  the  thiol  of  the  phosphopantetheine 
(PPT)  prosthetic  group;  thus.  When  FAS  labelled  with  I^c-ppt  was  proteolytically 
fragmented,  it  was  observed  that  the  label  was  exclusively  found  in  the  15  kD 
(carboxy  tenninal)  portion  of  Domain  II.  Tliis  evidence  strongly  indicates  that 
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this  portion  of  the  large  vertebrate  enzyme  serves  as  the  analog  of  the  acyl 
carrier  protein  of  the  coli  system.  In  another  case,  the  ot-ketoacyl  reductase 
activity  was  found  to  be  expressed  fully  by  two  different,  albeit  overlapping, 
proteins,  the  94  kD  and  36  kD  fragments  of  Dcsnain  II  indicated  in  the  figure. 
This  observation  and  other  confirming  evidence  localized  the  a-ketoacyl  reduc- 
tase activity  to  the  21  kD  stretch  that  constituted  the  overlapping  sequences  of 
the  94kD  and  36  kD  fragments.  Using  studies  such  as  these.  Dr.  Wakil  has  been 
able  to  ascribe  (see  figure  2)  all  of  the  functions  of  the  FAS  system  except 
the  dehydratase  activity  to  delimited  areas  of  the  protein. 
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The  Indicators  (ER.KR.etc.) 
noting  enzymatic  activity 
are  indicated  on  page  one. 


As  the  figure  indicates,  Dr.  Wakil  is  proposing  that  the  enzyme  has  two  func- 
tional palmitate  synthesizing  units,  each  of  v\hic±i  consists  of  Donain  I  from 
one  subunit  and  Domain  II  and  III  of  the  other  subunit.  The  basis  for  this 
head-to-tail  association  lies  largely  with  the  findings  that  a -ketoacyl  syn- 
thetase activity  is  dependent  upon  the  association  of  the  two  subunits  and  the 
established  proximity  of  a  critical  -SH  group  of  a  Dcmain  I  fragment  and  the 
-SH  of  the  PPT  moiety  located  in  Domain  II.  Work  en  these  maps  of  FAS  is  still 
underway  in  Dr.  Wakil' s  laboratory  and  will  no  doubt  produce  further  insight 
into  the  structural  and  functional  properties  of  this  inportant  and  very  coitplex 
enzyme. 

"Studies  of  Staphylococcal  Nuclease" 
ROl  GM  34573-02  (Gerlt,  J.),  University  of  Maryland,  College  Park 

The  enzymes  that  catalytically  establish  or  cleave  phosphate  ester  bonds  are 
inmensely  inportant  to  cellular  function  in  that  they  play  crucial  roles  in 
the  biosynthesis  and  degradation  of  nucleic  acids,  in  the  capture  and  release 
of  energy  for  cellular  function,  and  in  the  transport  of  materials  across 
cellular  and  organelle  membranes.  As  part  of  a  program  to  understand  the 
principles  that  govern  the  function  of  this  class  of  enzymes.  Dr.  John  Gerlt 
has  been  studying  the  nuclease  secreted  by  Staphylocococcus  aureus.  This 
enzyme  is  a  Ca+2 -dependent  phosphohydrolase  that  catalyzes  the  hydrolysis  of 
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single  stranded  DNA  and  RNA.  Ibis  enxyme  is  particularly  amenable  to  detailed 
mechanistic  studies  because  it  is  quite  well  characterized  structurally. 
Dr.  C.  Anfinsen  and  co-workers  established  the  amino  acid  sequence  in  1971, 
and  Dr.  R.  Cotton  reported  a  1.5  A  X-ray  structure  of  the  enzyme,  ccatplexed 
to  an  inhibitor,  in  1979.  A  chanical  mechanism  for  the  nuclease  was  proposed 
by  Dr.  Cotton  based  on  the  crystal  structure.  The  center  feature  of  Dr.  Cotton's 
mechanism,  shewn  in  the  f  igiare  belcw. 
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was  the  action  of  the  -COO~group  of  Glu-43  to  facilitate  the  attack  of  water 
on  the  phosphate  ester.  This  mechanism,  if  cperative,  demands  that  an  inver- 
sion of  stereochemistry  occur  if  substrates  that  are  chiral  at  phosphorus  are 
Qinployed.  The  mechanism  also  demands  that  oxygen  from  solvent  water  end  up  in 
the  phosphate  product.  Another  plausible  mechanism,  still  consistent  with  the 
X-ray  data,  would  predict  different  results  for  each  of  these  experiments. 
Dr.  Gerlt  has  examined  the  hydrolysis  by  the  nuclease  of  coipound  I  (shewn 
above  on  the  right)  and  found  that  inversion  at  phosphorus  indeed  occurs.  He 
has  also  examined  the  hydrolytic  reaction  in  H20-'-°  and  found  that  the  enzyme 
does  catalyze  the  incorporation  of  O^^  into  the  phosphate  product.  These  re- 
sults clearly  strengthen  the  credibility  of  Cotton's  mechanism  for  the  nu- 
clease. 

Dr.  Gerlt  has  ccaitinued  to  study  nuclease  by  adopting  site-directed  mutagene- 
sis techniques  to  produce  convenient  quantities  of  "mutant"  enzymes  which  were 
used  to  evaluate  experimentally  the  role  of  various  residues  that  may  partici- 
pate in  catalysis  and/or  substrate  binding.  The  gene  for  the  nuclease,  vvhich 
was  cloned  and  sequenced  by  Dr.  David  Shortle  (C^  34171),  was  inserted  into  an 
expression-secretion  plasmid.  In  this  plasmid,  vvhich  was  constructed  in  col- 
laboration with  Dr.  Masayori  Inouye  {CM  19043),  the  nuclease  gene  was  directly 
fused  to  the  leader  sequence  of  the  outer  membrane  A  protein  produced  by  E. 
coli,  and  the  resulting  construct  placed  under  the  control  of  a  lac  promoter. 
The  plasmid  directed  the  synthesis  and  secretion  of  large  amounts  of  the 
nuclease  into  the  periplasraic  space  of  the  E.  coli  host.  Dr.  Gerlt  was  then 
able  to  substitute  into  the  plasmid-bome  gene  any  of  a  number  of  synthetic 
oligonucleotides  to  yield,   after  expression,   the  desired  mutant  enzymes. 

The  first  mutant  prepared  by  Dr.  Gerlt 's  laboratory  contained  an  aspartate  at 
sequence  position  43.  The  Asp-43  mutant  hydrolyzed  EiSIA  200-times  slower,  and 
displayed  a  binding  affinity  for  DNA  that  was  five  times  weaker  than  tlie 
parent  enzyme.  The  sirtplest  explanation  for  these  observations  is  that  the 
a-COO~  of  Glu-43  is  directly  involved  in  catalysis  as  indicated  by  all  prior 

data,  and  that  the    3  -C00~  of  the  Asi>-43  can  serve  as  a  poor  but  still 
chemically  effective  base  in  the  catalytic  process.   Refinements  of  this  ex- 
planation may  be  possible  v\^en  the  X-ray  crystallography  of  the  Asp-43  mutant 
nuclease  is  ccanplete. 

Dr.  Cotton's  X-ray  structure  of  the  nuclease  suggested  that  the  phenolic  hy- 
droxyl  group  of  tyrosine-85  interacts  with  substrates  via  the  3 '-phosphate 
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group  of  nucleotide  substrates;  kinetically,  the  interaction  of  substrates 
with  the  nuclease  also  itiplicated  the  presence  of  an  acidic  functional  group 
having  a  pK^  about  9.  In  addition,  chemical  modification  studies  performed 
by  Dr.  Anfinsen  and  his  colleagues  inplicated  this  tyrosine  residue  as  being 
inportant  in  catalysis.  Dr.  Gerlt  and  his  co-workers  have  constructed  the 
phenylalanini-85  mutant  enzyme,  and  the  initial  kinetic  characterization  of 
tliis  mutant  enzyme  shews  it  to  have  a  Vj^,a^  value  essentially  identical  to 
that  observed  for  the  wild  type  enzyme;  the  enzyme  has  a  sane\Ahat  reduced 
affinity  for  ENA  as  substrate.  The  siirplest  explanation  of  this  observation 
is  that  tryosine-85  is  not  essential  for  catalytic  activity  (in  contrast  to 
the  inpression  created  by  the  chemical  modification  experiments) . 

These  investigations,  v\^ile  enhancing  the  credibility  of  the  mechanism  pro- 
posed by  Dr=  Cotton,  illustrate  the  value  and  interdependency  of  the  numerous 
techniques  used  to  define  enzyme  mechanism.  Tlie  role  of  site-directed  muta- 
genesis among  these  techniques  is  to  provide  mutant  enzymes  in  quantity  and 
with  speed  and  high  specificity;  conclusions,  of  course,  drawn  frcm  the  mutant 
campariscns  of  the  two. 

"The  Respiratory  Chain  of  Paracoccus" 
ROl  GM  20379-12  (Trunpcwer,  B.),  Dartirouth  Medical  School 

Respiration,  in  biochemical  terms,  is  the  process  by  v^^ich  energy-rich  "fuel" 
molecules  are  oxidized  to  provide  cellular  energy,  in  the  form  of  ATP.  In  the 
oxidation  process,  electrons  are  removed  frcm  the  fuel  and  passed  ultimately  to 
sane  acceptor,  canmonly  oxygen.  In  eukaryotes,  respiration  takes  place  in  the 
mitochondria  via  a  very  ccatplex  membrane-dependent  syston  of  many  proteins.  The 
conplexity  of  this  electron-transporting  oxidative  phosphorylation  system  has 
made  the  respiratory  process  difficult  to  elucidate,  and  investigators  have 
sought  sinpler  related  systems  in  hopes  of  gaining  insight  into  eukaryotic  mito- 
chrondrial  respiration.  One  such  sittple  respiratory  system  is  found  in  the 
plasma  membrane  of  Paracoccus  denitrificans,  a  bacteria  v^hich  normally  grovs  in 
soil.  In  this  niche,  oxygen  content  can  be  quite  variable.  If  adequate  oxygen 
is  unavailable  Paracoccus  will  use  various  nitrogen  ccsTpounds  in  its  respiration 
process  as  electron  acceptors — converting  these  to  nitrogen  gas  in  a  process 
known,  not  surprisingly,  as  denitrification.  If  oxygen  is  present,  Paracoccus 
elaborates  a  respiratory  chain  which  appears  to  be  functionally  identical  to 
that  of  eukaryotic  mitochondria.  Under  these  aerobic  conditions  this  bacteria 
can  oxidize  carbon-containing  caipounds  identical  to  those  used  by  mitochondria, 
and  reduce  molecular  oxygen  to  water.  The  presence  of  a  "mitochondria  like" 
respiratory  chain  in  other  bacteria  is  relatively  rare  and,  for  this  reason, 
Paracoccus  has  attracted  the  interest  of  researchers  investigating  the  molecular 
basis  of  respiration  and  energy  transduction  in  eukaryotic  cells.  Among  the 
leading  investigators  in  this  area  is  Dr.  Bernard  Trurrpower,  v*ho  has  undertaken 
the  isolation  and  characterization  of  the  Paracoccus  respiratory  chain  and 
its  ccnponents. 

In  1983,  Dr.  Truttpcwer  and  his  coworkers  discovered  that  the  functionally- 
intact  respiratory  chain  of  this  bacteria  could  be  isolated  in  fully  active 
form  frcm  the  rest  of  the  plasma  membrane.  Functionally,  this  aggregate  of 
lipids  and  proteins,  termed  a  quinol  oxidase  conplex,  oxidizes  ubiquinol  to 
ubiquinone  and  transfers  the  electrons  acquired  in  the  process  to  molecular 
oxygen.  The  proteins  of  this  aggregate  that  mediate  this  electron  transport 
consist  of  the  bci  carp  lex,  a  membrane-bound  cytochrcme  c  (c-552),  and  the 
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cytocihrane  aa3  ccnplex.  The  order  of  electron  transfer  in  this  aggregate  is 
shewn  in  the  figure.   The  really  striking  property  of  this  quinol  oxidase 

ubiquinol >  be,  corplex >  cyt  C552 ^  cyt  aa3  cc«tplex  — 

'  ELECTRON  TRANSPORT  CEiAIN  OF  PARACOCXrUS  (cyt  =  cytodircme) 

coitplex  is  that  it  caisists  of  only  six  protein  subunits.  In  mitochrondria, 
the  cytochrciiie  bc]^  and  aa^  cxatplexes,  vAiich,  together  with  cytochrane  c,  carry 
out  ubiquinol  oxidation,  consist  of  approximately  20  proteins.  This  ccsrparison 
suggests  that  the  "extra"  proteins  found  in  mitochondria  may  have  a  function 
unique  to  eukaryotic  cells,  possibly  in  biogenesis  and  assonbly  of  the  respira- 
tory chain. 

In  continuing  their  studies  on  the  Paracoccus  chain.  Dr.  Trurrpower  and  his 
colleagues  have  purified  the  cytochrome  bc^  complex.  Which  is  the  constituent 
of  the  quinol  oxidase  catplex  that  transfers  electrons  from  ubiquinol  to  cyto- 
chrome c-552  ( see  figure  above ) .  The  Paracoccus  bc]^  corplex  consists  of  only 
three  proteins,  in  cc^rparison  to  nine  in  mitochondria.  It  has  the  snallest 
number  of  protein  constituents,  and  one  of  the  highest  turnover  numbers  of  any 
bc]^  Gcrtplex  isolated  frcxn  any  species  to  date. 

One  excellent  exanple  of  the  advantages  \^ich  this  bacterial  respiratory  c±iain 
cosiplex  may  offer  for  investigations  into  the  mechanism  of  respiration  comes 
from  recent  experiments  on  cytochrome  b  conducted  in  Dr.  Trunpower's  laboratory. 
A  barrier  to  understanding  how  this  particular  cytocihrome  functions  in  respira- 
tion has  been  the  inability  to  purify  this  protein,  a  problem  v^ich  has  con- 
founded numerous  investigators  in  this  area  for  many  year.  However,  workers  in 
this  laboratory  have  found  that  cytochrome  b  could  be  purified  from  the  Paracoc- 
cus bc]^  corplex  in  a  single  step. 

This  purification  is  based  on  the  phenomenon  of  terrperature  dependent  phase 
separation  of  the  detergent  Triton  X-114.  When  the  three  subunit  bci  corplex 
is  mixed  with  this  detergent  at  0^0,  it  forms  a  uniformly  dispersed  mixture. 
\'^en  the  terrperature  is  raised  to  25°,  the  detergent  undergoes  a  microscopic 
phase  separation  to  form  a  cloudy  emulsion.  When  this  emulsion  is  clarified  by 
low  speed  centrifugation,  the  detergent  is  recovered  as  a  separate  phase,  and 
is  found  to  contain  pure  cytochrome  b.  The  second,  aqueous  phase,  contains  the 
remaining  two  subunits,  cytochrome  ci  and  the  iron-sulfur  protein  of  the  bc^ 
corplex.  This  separation  is  quantitative,  can  be  performed  in  minutes,  and  can 
be  reversed  by  lowering  the  terrperature. 

It  is  clear  fron  these  early  results  with  Paracoccus  that  this  quinol  oxidase 
cosiplex  and  the  three  subunit  cytochrome  bcicorplex  offer  exciting  opportunities 
to  stuc^  a  "sirrplified"  respiratory  chain.  As  demonstrated  above,  the  bc^^ 
cc«rplex  appears  especially  amenable  to  resolution  into  separate  corponents  and 
reconstitution.  The  ability  to  reconstitute  bc^  conplex  using  mutant  b  protein 
produced  through  reconibinant  techniques  is  a  particularly  proiiising  avenue  for 
elucidating  the  functional  characteristics  of  that  protein. 

"Genetics,  Biochemistry  and  Biology  of  Herpes  Virus  Glycoproteins" 
ROl  GM  34534-05  (Glorioso,  J.),  University  of  Michigan  Medical  School 

The  Herpes  viruses  are  responsible  for  a  wide  range  of  diseases  associated  with 
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lesions  of  the  skin,  mucosal  membranes,  cind  central  nervous  system.  In  this 
country,  the  HSV-1  viruses  are  primarily  linked  to  facial  lesions  (i.e.,  the 
comnon  cold  sore),  ocular  keratitis  (associated  with  blindness),  and  acute 
necrotizing  encephalitis,  whereas  the  HSV-2  virus  is  largely  responsible  for 
genital  Herpes.  The  related  Herpes  zoster  virus  is  responsible  for  childhood 
chicken  pox,  and  shingles  in  the  adult.  Thus,  studies  directed  towards  the 
biological,  biochemical,  and  genetic  properties  of  the  Herpes  viruses  have  broad 
iiiplications  for  the  diagnosis  and  treatment  of  the  diseases  for  which  they  are 
the  causative  agent. 

Dr.  Glorioso  and  colleagues  at  the  University  of  Michigan,  Ann  Arbor,  have 
been  studying  the  major  glycoproteins  of  the  HSV-1  viral  envelope,  vAiich  are 
encoded  by  the  viral  genome  and  expressed  as  membrane  ccxiponents  on  viral ly 
infected  cells.  These  studies  are  aimed  at  understanding  the  genetics  of  the 
Herpes  viruses,  and  dissecting  the  role  of  their  glycoprotein  molecules  in 
viral  infection  and  host  resistance.  The  experimental  approach  has  been  to 
generate  a  panel  of  monoclonal  antibodies  vshich  recognize  type  specific  epitopes 
of  the  HSV-1  envelope.  These  monoclonal  antibodies  have  been  used  to  character- 
ize both  the  antigenic  structure  of  the  viral  proteins  and  to  select  mutants 
lacking  these  epitopes,  which  differ  in  their  biological  properties. 

Using  this  approach,  four  HSV-1  encoded  glycoproteins  have  been  identified  and 
designated  gB,  c^,  gD  and  gE.  The  gB  glycoprotein  has  a  molecular  weight  of 
123  kD  with  a  peptide  backbone  of  900  amino  acids.  The  molecule  has  an  unusually 
long,  hydrophobic  transmembrane  dcsrain  which  may  play  a  role  in  penetration  of 
the  virus  into  the  cell.  There  is  sane  evidence  that  this  transmembrane  ccnpon- 
ent  also  forms  part  of  an  ion  channel.  Viral  mutants  v\^ich  lack  the  gB  determi- 
nant adhere  to  cells  but  do  not  penetrate  the  maribrane,  and  thus  cannot  infect 
the  cell  and  multiply. 

The  gC  glycoprotein  is  of  equal  interest  and  iitportance,  in  that  it  appears  to 
play  a  key  role  in  the  host's  iitnune  response  to  HSV-1  infection.  The  ^ 
molecule  is  even  larger  than  gB,  with  a  molecular  weight  of  130  kD,  due  to  a 
high  degree  of  glycosylation  of  the  polypeptide  chain.  This  mDlecule,  which  is 
encoded  by  a  single  gene,  is  structurally  interesting  in  that  it  has  both  a 
type  specific  divergent  donain,  as  well  as  a  highly  conserved  dcmain  shared  by 
HSV-1,  HSV-2,  and  Herpes  zoster. 

The  gC  glycoprotein  appears  to  play  a  significant  role  in  the  host  response 
to  HSV-1  infection.  One  of  the  interesting  aspects  of  Herpes  infections  is 
that  the  virus  often  lies  dormant  for  long  periods  of  time  within  the  nervous 
system,  providing  a  reservoir  for  recurrent  infection.  This  may  be  just  one  of 
several  ways  by  which  the  Herpes  viiruses  escape  the  iitmune  response.  The  gC 
molecule  bears  a  receptor  for  the  third  ccxrponent  of  corplement,  C3b,  and  thus 
probably  plays  a  role  in  the  ccftplement  mediated  immunologic  lysis  of  viral  ly 
infected  cells.  Furthermore,  this  molecule  expresses  antigenic  determinants 
which  serve  as  targets  for  cell  mediated  natural  killer,  T-cell,  and  antibody 
dependent  lysis  of  virally  infected  cells. 

Mutants  have  been  isolated  vAiich  are  gC  negative  by  virtue  of  the  fact  that  the 
gC  molecule  lacks  its  cytoplasmic  tail  and  therefore  is  secreted,  rather  than 
integrated,  into  the  cell  membrane.  Generation  of  these  nutants  could  provide 
an  important  mechanism  for  the  escape  of  virally  infected  cells  frcxn  iinnunolog- 
ical  surveillance. 
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The  other  two  glycxproteins  that  have  been  characterized,  gD  and  gE,  are  smaller 
(58  and  83  kD  respectively)  and  much  less  is  known  of  their  biological  roles. 
However,  with  the  use  of  monoclonal  antibodies  directed  to  specific  epitopes, 
it  has  been  shown  that  gE  bears  an  Fc  receptor  for  imnunoglobulin  and  that  gD 
plays  a  role  in  adhesion  of  HSV-1  to  cells.  Continuing  studies  of  the  HSV-1 
glycoproteins,  and  the  monoclonal  antibodies  directed  against  them,  should  lead 
to  a  more  conplete  picture  of  the  genetic,  and  biological  parameters  of  the 
Herpes  virus  family.  These,  studies  already  have  proven  useful  in  the  diagnosis 
of  Herpes  infections  by  epitope  and  type  specific  antibodies. 

"Synthetic  and  Biological  Study  of  Nucleic  Acids" 
ROl  Ol  28289-05  (Kliorana,  H.G.),  mssachusetts  Institute  of  Technology 

An  inportant  class  of  proteins  contains  retinal,  vitamin  A  aldehyde,  as  a 
dhroncphore.  This  group  includes  eukaryotic  visual  pigments,  most  notably 
mammalian  rhodcpsin.  At  least  three  distinct  retinal-containing  pigments  are 
found  in  the  halophilic  archaebacterium,  Halobacterium  halobium.  The  best- 
studied  of  these  is  bacteriorhodopsin  (BR) ,  vhich  contains  the  all  trans  isaner 
of  retinal,  attached  to  a  single  integral  membrane  protein,  bacterio-opsin 
(BO) .  Illumination  isomsrizes  the  retinal  to  13-cis.  This  is  the  only  light- 
dependent  step,  and  is  follcwed  by  a  series  of  dark  reactions.  The  corplex 
photocycle  involves  a  series  of  conformational  changes  in  the  retinal,  vhich 
contains  a  system  of  conjugate  double  bonds.  The  energy  is  transmitted  to  the 
protein  moiety  and  results  in  the  pumping  of  a  proton  by  BR  across  the  membrane. 
This  light-driven  protein  purtping  establishes  a  pH  gradient  vAiich  can  provide 
energy  for  other  cellular  processes.  Under  appropriate  conditions  H.  halobium 
produces  membranes  with  dense  patches  of  BR,  in  a  nearly  crystalline  array. 
This  BR  is  of  great  interest  as  a  model  system  for  a  variety  of  processes. 
First,  it  shares  several  characteristics  with  human  visual  pigments.  Second, 
it  is  a  good  model  for  the  study  of  biochemical  photocheinistry.  Third,  it  is 
of  interest  as  a  membrane  transporter  and  especially  as  a  proton  purtper. 
Proton  punping  is  an  inportant  process  in  bioenegetic  reactions  in  prokaryotes, 
plants,  and  animals.  Finally,  its  abundance  and  array  in  bacterial  membranes 
allcws  preparation  of  large  quantities,  and  study  of  its  spatial  organization 
in  and  near  the  bilayer.  It  is,  perhaps,  the  best  studied  intrinsic  membrane 
protein. 

Several  NIGMS  grantees  have  made  inportant,  even  seminal,  contributions  to  the 
study  of  BR.  Dr.  W.  Stoeckenius,  of  University  of  California,  San  Francisco, 
is  one  of  the  founders  of  tlie  field  and,  with  his  colleagues,  continues  to 
make  major  findings  in  all  aspects  of  BR  biochemistry  and  biophysics,  and  H. 
halobium  physiology.  Dr.  J.  Lanyi,  at  University  of  California,  Irvine,  has 
also  been  a  long  term  contributor  to  the  field.  He  has  recently  pioneered  the 
study  of  a  second  retinal  pigment  in  H.  halobium,  named  halorhodopsin.  This 
pigment  appears  to  serve  as  a  light-driven  chloride  punp.  Recently,  a  third 
pigment  has  been  studied  by  Dr.  John  Spudich,  of  Albert  Einstein  Medical  School, 
among  others;  this  pigment  seems  to  play  a  central  role  in  photcraechanical 
transduction,  mediating  the  bacterium's  phototropic  response.  Dr.  Nigel  Unwin» 
of  Stanford  University,  has  used  the  crystalline  membrane  arrays  of  BR  to 
produce  a  3  dimensional  map  of  its  tertiary  structure,  through  the  technique 
of  electron  diffraction,  vAiich  he  helped  perfect.  Many  other  first-class 
investigators  have  used  diffraction  and  other  physical  and  chemical  techniques 
to  study  BR  structure.  In  fact,  the  entire  BR  field,  as  well  as  that  of  tlie  two 
other  recently-discovered  pigments,  has  attracted  first-class  investigators. 
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Among  those  is  Dr.  H.G.  Khorana,  of  MIT,  v\*io  established  an  international  repu- 
tation in  the  area  of  nucleotide  chemistry. 

Dr.  Khorana  has  turned  his  expertise  in  organic  chemistry.',  bioclietdstry,  and 
nolecular  biology  to  the  study  of  BR.  One  surprising  finding  is  the  ability  of 
BR  to  be  denatured  and  totally  reconstituted.  For  exairple,  BO  can  be  boiled  in 
SDS  or  treated  with  trifluoroacetic  acid.  Upon  appropriate  treatment,  the 
protein  refolds  accurately  and  quantitatively  to  the  native  structure.  Retinal 
can  then  be  rebound,  and  the  native  chrcancphore  regenerated  quantitatively. 
This  BR  can  be  reconstituted  into  liposomes  to  generate  a  fully  efficient  protcn 
punp.  BR  is  also  unique  among  intrinsic  moiibrane  proteins  in  the  ability  to 
reccmbine  ciiymotryptic  fragnents  to  form  the  native  protein.  Combining  these 
tecJuiiques,  Dr.  Khorana  has  been  able  to  alter  a  fragment,  (for  exaitple  by  deu- 
teration) ,  for  physical  analysis  of  the  structure.  Another  major  finding  has 
been  the  identification  of  the  site  of  retinal  attachment  as  lysine  216.  This 
has  been  followed  i:^)  by  photoactivatable  crosslinking  experiments  Vihich  have 
mapped  out  the  orientation  of  retinal  within  the  protein. 

Simultaneously,  the  Khorana  lab  has  been  studying  the  molecular  biology  of  BO 
and  its  genetic  control.  They  have  shewn  that  it  is  synthesized  as  a  precursor 
with  a  13  aminoacid  leader  sequence.  The  synthesis,  membrane  integration,  and 
terminal  clipping  are  all  cotranslational.  Using  the  known  protein  sequence,  a 
cEXSIA  probe  was  isolated,  and  the  gene  c±iaracterized .  It  contains  no  introns, 
but  does  code  for  an  extra  aspartate  residue  at  the  carboxyl  end.  As  the  first 
archaebacterial  gene  sequenced,  many  of  its  features  have  received  a  great  deal 
of  interest.  One  problem  with  experimentation  with  an  archaebacterial  gene  is 
the  lack  of  an  efficient  expression  vector  syston.  The  Khorana  lab  has  been 
able  to  achieve  a  lew  level  of  expression  of  the  BO  gene  in  E.  coli.  Despite 
the  lew  yield  it  has  been  possible  to  prepare  milligram  quantities  of  BO  from 
E .  coli .  The  lab  is  new  preparing  a  large  number  of  mutants  through  several 
mechanisms  of  site-specific  mutagenesis.  Simultaneously,  an  effort  is  being 
made  to  develop  a  homologous  expression  system.  The  ultimate  questions  to  be 
asked  are  the  relationship  of  sequence  to  structure  and  function.  Since  we 
knew  more  about  BR  than  any  other  membrane  protein,  the  ability  to  manipulate 
the  sequence  should  provide  very  sophisticated  answers  to  the  structure- function 
question. 

One  of  the  advantages  of  studying  BR  and  the  other  H.  halobium  retinal  pigments 
is  that  they  share  many  properties  with  vertebrate  rhodopsin.  Dr.  Khorana  has 
recently  extended  his  research  into  the  molecular  biology  of  rhodopsin.  He  has 
isolated  and  sequenced  cDNA  clones  containing  the  coding  sequence  for  90  per- 
cent of  the  amino  acid  sequence  of  cattle  rhodopsin,  and  has  incorporated  it 
into  an  expression  vector.  Efficient  expression  in  E.  coli  was  achieved.  The 
laboratory  has  also  been  studying  the  structure  and  structure-activity  rela- 
tionships for  rhodopsin.  Dr.  Khorana 's  current  plans  are  to  totally  synthesize 
the  rhodopsin  gene.  His  lab  is  probably  the  leader  in  gene  synthesis.  This  is 
to  be  followed  by  specific  nucleotide  alterations,  to  essentially  produce  true 

designer  proteins.  This  promises  to  be  a  major  step  in  our  understanding  of 
rhodopsin,  one  of  the  most  inportant  and  interesting  vertebrate  proteins. 

"Biochemistry  and  Radiation  Effect  During  the  Cell  Cycle" 
ROl  (3A   26429-20  (Helmstetter,  C),  Roswell  Park  Memorial  Institute 

When  a  cell  undergoes  mitosis  and  divides  into  two  daughter  cells,  it  is  essen- 

34 


tial  that  eacih  of  these  cells  cxDntains  equal  and  identical  amounts  of  genetic 
rraterial.  Thus  the  CNA  contained  within  the  dhrariDsanes  of  the  cell  about  to 
undergo  mitosis  must  replicate  in  an  orderly  way  prior  to  cell  division.  Cell- 
ular multiplication  is  controlled  to  a  significant  extent  by  the  mechanism 
which  determines  the  frequency  of  initiation  of  dhrcmosane  replication.  Re- 
search on  the  biochemical  mechanism  of  initiation  of  dhraroscme  replication 
therefore  is  essential  not  only  for  characterizing  the  fundamental  processes  of 
cell  and  tissue  growth  and  development,  it  is  also  of  iirportance  for  understand- 
ing and  treating  diseases  v\^iGh  involve  aberrant  cellular  multiplication,  such 
as  infections  and  cancer. 

Dr.  Helmstetter,  \^o  has  been  supported  by  NIGMS  for  the  past  20  years,  has 
devoted  much  of  his  research  effort  to  studying  the  control  mechanisms  involved 
in  initiation  of  chromosome  replication,  and  the  role  of  this  event  in  the 
overall  control  of  the  cellular  cycle  of  growth  and  division. 

In  Dr.  Helmstetter' s  wost  recent  work,  significant  advances  have  been  made  in 
understanding  the  factors  which  determine  the  frequency  of  initiation  of  chromo- 
some replication,  using  the  sinple  bacterium,  Escherichia  coli,  as  a  model 
system.  This  organism  contains  a  single  chroroscrne  \A^ich  initiates  nsiA  repli- 
cation from  a  specific  site  called  oriC.  Under  a  given  set  of  growth  conditions, 
EXSIA  replication  initiates  frcxn  oriC  at  a  precisely  determined  time  in  the  cell- 
ular division  cycle. 

Dr.  Helmstetter' s  latest  studies  on  the  control  of  initiation  frcm  the  oriC 
replication  ccrrplex  have  been  facilitated  by  the  analysis  of  minidhroraosames 
which  Dr.  Helmstetter  and  others  have  constructed.  These  minichrcsnoscnies 
contain  only  500-1500  base  pairs,  and  include  a  resident  copy  of  oriC;  as  many 
as  50%  of  these  minichrcmosomes  can  replicate  in  cell  free  extracts  in  approxi- 
mately 20  minutes.  The  small  size  and  accessibility  to  in  vitro  study  of 
minichromoscraes  of  Escherichia  coli  will  facilitate  experiments  which  are 
likely  to  yield  a  great  deal  of  information  on  the  precise  biochemical  events 
v^aich  take  place  at  the  replication  origin  at  the  time  of  initiation. 

In  the  current  phase  of  this  project,  minichroroscmes  are  being  used  to  address 
several  irrportant  questions  in  control  of  replication: 

1 )  Role  of  genes  adjacent  to  oriC — since  the  ccxrplete  OSIA  sequence  of  the  mini- 
chrcnioscnies  under  study  is  kncwn  and  can  be  modified,  it  is  possible  to  explore 
the  involvement  of  genes  adjacent  to  oriC  in  initiation  of  replication.  For 
exanple,  it  has  been  found  that  genes  encoding  16  kD  and  17  kD  peptides  to  the 
right  of  oriC  are  needed  for  the  maintenance  of  minichrcsnosones ;  cells  with 
minicl-ircsnoscmes  lacking  this  region  cycle  more  slowly. 

2)  Characterizaticn  of  cell-cycle  dependent  proteins  vi^ich  interact  with  the 
oriC  cotplex  -  using  minichromoscraes  in  v»^ich  genes  fron  tertperature  sensitive 
mutants  had  been  inserted.  Dr.  Helmstetter  has  shown  that,  following  shifts  to 

intermediate  tenperatures ,  synchronous  bursts  of  initiation  occurred^  in  the 
minichraTOsanes.  These  bursts  required  protein  synthesis.  The  proteins  have 
been  partially  characterized  and  their  rates  of  synthesis,  stability,  and  con- 
servation during  the  cell  cycle  are  new  under  study. 

The  results  so  far  suggest  that  an  initiation  conplex  (oriC  and  associated 
genes  and  proteins)  can  be  used  only  once,  probably  because  it  is  degraded.   In 
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addition,  there  is  evidence  that  initiation/ replication  depends  upon  gene  acti- 
vation, the  product  of  which  could  be  an  anti-repressor  for  the  long  postulated 
repressor  of  initiation.  Thus,  these  studies  using  minichrcmosomes  are  provid- 
ing information  on  a  positive  control  system  for  replication  mediated  by  one  or 
more  of  the  proteins  required  for  initiation. 

The  long-term  goal  of  this  project  is  to  identify  the  specific  iiacrarolecular 
ccttponent  of  the  cell  which  is  the  rate  limiting  determinant  of  the  timing  of 
initiation  of  replication  frcm  oriC.  It  is  anticipated  that  the  details  of  the 
macranolecular  events  at  initiation,  and  the  elements  which  control  the  frequen- 
cy of  tliese  events,  will  be  determined  in  large  part  through  the  study  of  the 
replication  properties  of  minichroimosomes . 

"Ccntrol  of  Multicellular  Development  in  Bacteria" 
ROl  GM  23441-09  (Kaiser,  A.D.),  Stanford  University 

The  developnent  of  a  multicellular  organism  raises  many  fundamental  questions. 
Among  them:  What  regulatory  mechanisms  underlie  cellular  differentiation?  Ucm 
is  the  time  sequence  of  developmental  events  controlled?  How  do  individual 
cells  coordinate  their  behavior  so  that  each  cell  plays  its  proper  role  at  the 
proper  tiiTie? 

In  answer  to  the  last  question  there  is  evidence  that  cell  behavior  is  coordi- 
nated by  the  exchange  of  signals  between  cells.  For  exaitple,  in  vertebrate 
embryos  the  foriTiation  of  the  lens  involves  interactions  between  different  cell 
types.  Developmental  signals  are  also  found  in  the  intitune  system,  wiiere  soluble 
factors  transmit  growth  and  differentiation  signals  between  various  types  of 
lyrrphoid  cells.  Any  new  information  on  intercellular  chemical  signals  and 
their  control  of  developmental  pathways  would  be  of  great  value. 

It  would  seen  that  the  last  organisms  to  be  useful  in  the  study  of  development 
and  intercellular  signaling  would  be  unicellular  ones.  Moreover,  among  unicell- 
ular organisms,  bacteria  would  be  least  likely  to  be  of  interest.  Recently, 
however,  it  has  become  clear  that  a  group  of  gram-negative  bacteria,  the  Myxo- 
bacteria,  undergo  a  primitive  differentiation  and  a  true  multicellular  develop- 
ment in  its  life  cycle  based  on  chemical  signaling  between  cells.  Among  the 
first  investigators  to  study  this  developnent,  and  still  a  leader  in  the  field, 
is  Dr.  M.  EWorkin,  of  the  University  of  Minnesota  (GM  19957).  Another  labora- 
tory investigating  this  very  interesting  syston  has  been  that  of  Dr.  A.D.  Kaiser, 
of  Stanford  University  (GM  23441). 

Dr.  Kaiser  has  set  out  to  answer  the  follaving  overall  questions:  What  are  the 
intercellular  chanical  signals  used  to  coordinate  the  developnent  of  Myxococcus 
xanthus?  What  are  the  genetic  and  regulatory  relationships  among  the  genes 
that  control  Myxococcus  colony  or  life  cycle  developnent;  is  its  development 
organized  by  a  dependent  regulatory  pathway?  How  do  the  intercellular  signals 
control  development  and  how  do  they  fit  within  the  entire  deveopxnental  regula- 
tion of  fruiting  bodies?  The  advantage  of  a  bacterial  model  is  that  it  is  very 
accessible  to  genetic,  molecular,  biological,  eind  biochemical  manipulation  and 
analysis. 

Dr.  Kaiser  has  isolated  four  classes  of  developmental  mutants,  SpoA,  B,  C,  and  D, 
and  analyzed  them  with  respect  to  the  stage  of  development  affected.   One  of 
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the  series,  SpoC,  has  been  cloned  in  E.  coli.  SpoC  negative  cells  can  be 
rescued  totally,  producing  a  wild-type  number  of  spores  vi^icii  appear  to  be  normal 
by  all  physical  and  biochemical  criteria.  Rescue  is  achieved  by  addition  of 
four  raurein  carponents:  N-acetylglucosamin,  N-  Acetylmuramic  acid,  diamincpi- 
melic  acid,  and  D-alanine.  Dr.  Kaiser  has  also  developed  culture  methods 
v^ich  produce  fruiting  bodies  in  sulanerged  culture.  Thus,  it  is  now  possible 
to  add  carponents  to  liquid  cultures  to  ccaiplenent  Spo  mutants.  The  rescue  of 
SpoC  mutants  in  submerged  culture  shews  the  value  of  this  system.  During  normal 
developnent  at  least  half  the  cells  lyse,  releasing  peptidoglycan  and  enzymes 
that  degrade  it  into  its  carponents.  It  seems  possible  that  these  chemical  com- 
ponents are  normal  intercellular  developnental  signals. 

Dr.  Kaiser  has  also  made  interesting  discoveries  about  the  genetic  control  of 
fruiting  body  development  in  the  colonies.  In  genetic  investigations,  this 
researcher  has  shown  that  a  transposable  elemsnt,  Tn5,  can  transpose  to  many 
different  sites  in  the  Myxococcus  genome.  It  thus  can  provide  a  selectable 
marker  for  strain  construction,  localized  mutagenesis,  chrcmoscrae  mapping,  and 
cloning.  The  developnent  of  sophisticated  and  powerful  genetic  tecnniques  for 
Nl^ococcus  is  recent.  There  are  already  many  interesting  biochemical  observa- 
tions and  nore  classical  genetic  findings  vvhich  will  be  well  worth  following  up 
using  molecular  biological  techniques.  One  exartple  is  the  finding  that  starva- 
tion for  amino  acids  not  only  initiates  development  but  also  elicits  accumula- 
tion of  guanosine  polyphosphates.  The  possible  causal  relationship  is  of  great 
interest. 

Dr.  Kaiser  has  developed  a  first  class  bacterial  model  for  developnent.  He  has 
inproved  culture  conditions,  isolated  developmental  mutants,  and  now  developed 
vectors  and  the  techniques  for  cloning  genes  in  E.  coli  plasmids.  This  sinple 
developmental  system  might  be  the  first  one  to  become  fully  understood  in  terms 
of  genetic  and  molecular  mechanisms. 

"Regulation  of  Cell  Processes  by  Calcium" 
ROl  GM.   30861-04  (Watterson,  D.),  Vanderbilt  University 
ROl  O^  31004-04, (Tsien,  R. ) ,  University  of  California,  Berkeley 

Calcium  is  essential  for  the  normal  functioning  of  most  living  cells.  Many 
physiological  processes,  such  as  clotting,  secretion,  muscle  contraction,  and 
wound  healing,  are  dependent  upon  the  presence  of  calcium.  At  the  nolecular 
level,  numerous  enzymes,  hormones,  and  other  biochemical  mediators  require  cal- 
cium in  order  to  be  biologically  active.  Thus  the  molecular  basis  of  calcium 
action,  and  the  role  it  plays  in  the  regulation  of  cells  is  an  inportant  bio- 
logical issue. 

Several  research  groups  supported  by  the  CMBD  program  are  devoting  their  ac- 
tivities to  the  elucidation  of  the  mechanism  of  calcium  action. 

The  laboratory  of  Dr.  D.  M.  Watterson,  at  Vanderbilt  University,  Tennessee,  has 

been  investigating  a  class  of  intra-cellular  proteins,  called  calmodulins,  \ishich 
reversibly  bind  and  release  calcium  for  use  in  a  multitude  of  calcium-dependent 
cellular  processes.  Calmodulin  is  ubiquitous,  found  in  almost  all  eukaryotic 
organisms,  and  its  structure  and  catposition  is  remarkably  conserved  throughout 
the  phylogenetic  scale,  suggesting  its  fundamental  role  in  basic  life  processes. 
The  actual  molecular  mechanism  of  how  calmodulin  functions  to  regulate  calcium- 
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dependent  processes  is  the  subject  of  Dr.  Watterson's  research.  In  an  attertpt 
to  solve  this  problem,  he  has  recently  constructed  a  gene  v^ich  can  be  used  for 
the  synthesis  of  the  calmodulin  protein  molecule.  It  will  now  be  possible,  by 
selective  modification  of  this  gene,  to  alter  small  regions  of  calmodulin  and 
determine  how  these  changes  influence  the  binding  and  release  of  calcium. 
Insertion  of  the  gene  into  cells  will  enable  detailed  studies  of  how  this 
molecule  regulates  calcium-dependent  cellular  processes. 

In  contrast  to  the  studies  of  Dr.  Watterson,  v^ich  address  the  role  of  calcium 
bound  to  proteins.  Dr.  Tsien  is  investigating  the  role  of  free  intracellular 
calcium  in  the  regulation  of  cell  growth  and  proliferation.  Dr.  Tsien  has 
developed  new  techniques  which  offer  urprecedented  sensitivity  and  spatial 
resolution  for  the  detection  of  free  cytosolic  calcium.  This  has  been  achieved 
by  designing  fluorescent  calcium-binding  dyes  \^hich  can  be  quantitatively 
assessed  using  the  fluorescence-activated  flew  cytcmeter.  These  dyes  are  a 
vast  iirprovement  over  Quin  2,  \fliiich  was  previously  used  by  investigators  in 
this  field,  and  will  be  invaluable  to  a  broad  range  of  calcium  studies. 

Dr.  Tsien  plans  to  apply  this  new  methodology  to  several  inportant  biological 
questions,  including  changes  in  free  calcium  following  fertilization  in  the 
dividing  sea  urchin  2ygote;  activation  of  resting  lyrtphocytes  by  mitogenic  and 
non^nitogenic  lectins,  lynphokines,  antibodies  and  antigens;  and  stimulation 
of  fibroblasts  by  growth  factors.  These  studies  should  result  in  new  infor- 
mation on  the  role  of  free  calcium  in  mitotic  and  non-mi totic  cell  events. 

"Molecular  Mechanism  of  Flagellar  Motility" 
ROl  GA    30526-05  (Whitman,  G . ) ,  Worcester  Foundation  for  Experimental  Biology 

Flagella  and  cilia  are  locarotory  organelles  corposed  of  a  constant  structural 
arrangement  consisting  of  nine  double  peripheral  microtubules  and  two  single 
central  microtubules.  These  organelles,  Vthich  project  and  move  in  waves  fran 
the  surface  of  certain  cells,  have  become  classic  models  for  motility,  in  great 
part  because  of  their  microtubular  corrposition.  Understanding  the  mechanism  of 
flagellar  raovonent  is  significant  in  its  own  right  because  of  the  irtportant 
function  flagella  and  cilia  play  in  rran,  and  because  the  microtubules,  v^^ch 
play  a  key  role  in  their  activity,  are  also  inportant  in  many  other  cell  func- 
tions. Microtubules  have  been  shewn  to  be  essential  for  cell  movement,  play  a 
major  role  in  cell  division,  and  assist  in  the  transport  of  biochanicals  into 
and  out  of  the  cells.  Large  numbers  of  cilia  are  found  on  cells  which  line  tlie 
respiratory  tract  v^here  they  function  to  screen  out  dust  and  other  foreign 
particles.  Both  cilia  and  flagella  play  an  inportant  role  in  human  reproduc- 
tion: the  coordinated  beating  of  cilia  in  the  oviduct  produces  a  current  v^hich 
draws  the  egg  into  the  uterus,  v\hile  the  rapidly  moving  tail  of  the  spermatozoa, 
a  flagellum,  contacts  the  egg  and  results  in  fertilization. 

The  dynein  arms  generate  the  forces  that  are  the  basis  for  motility  in  all 
eukaryotic  cilia  and  flagella,  including  those  of  man.  It  has  new  been  well- 
established  by  investigators  in  the  field  that  the  meGhanoc±iesTiical  basis  for 
flagellar  movements  is  the  ATP-driven  sliding  of  adjacent  doublet  microtubules. 
Dynein-ATPase  containing  arms  on  the  outer  doublets  provide  the  motive  force 
for  microtubule-sliding  in  flagella.  It  is  to  be  eiphasized  that  dynein  arras 
generate  the  forces  that  are  the  basis  for  motility  in  all  eukaryotic  cilia  and 
flagella. 
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Recent  studies,  fron  the  laboratories  of  Dr.  Whitnan  and  others,  have  revealed 
that  the  dynein  arras  are  ccstplex  structures  containing  multiple  subunits  and 
at  least  three  sites  of  ATP-binding  and  hydrolysis.  For  this  research,  the 
algal  flagellate  Chlanydaronas  reihhardtii  is  used.  The  long-term  goals  of 
this  project  are  to  determine  the  molecular  structure  of  the  outer  arm  of  the 
Chlanydcmonas  flagellum.  Specifically,  his  laboratory  is  providing  interesting 
data  regarding  the  alpha  and  beta  subunits  of  18S  dynein  found  in  the  arros. 
They  are  determining  the  relationship  of  the  subunits  to  the  v^ole  18S  particle 
and  subfractionating  the  beta  subunits  to  learn  more  about  their  individual 
chains  and  their  relationships  to  one  another.  New  monoclonal  antibodies 
specific  for  the  dynein  chains  have  been  developed  and  will  be  used  to  determine 
the  locations  of  the  dynein  chains,  to  identify  the  structural  dcmains  involved 
in  binding  of  dynein  to  microtubules,  to  investigate  the  functions  of  the  three 
outer  arm  dynein  ATPases,  and  to  clarify  the  relationships  between  the  dynein 
of  different  species. 

Dr.  Whitman  and  others  have  also  been  studying  the  location  and  function  of  the 
tightly  bound  calmodulin  in  the  axonerae  of  Chlamydaronas ,  in  order  to  determine 
if  calmodulin  also  binds  to  the  axoneme  in  a  CA-H— dependent  manner.  The  axon:- 
einal  proteins  involved  in  both  calciurtv-independent  and  calcium-dependent  binding 
of  calntDdulin  will  be  identified.  The  possibility  that  flagellar  waveform  is 
controlled  by  a  phosphorylation-dephosphorylation  mechanism  will  be  investigated. 

Dr.  Whitman  has  clearly  established  himself  as  one  of  ti\e  leading  investigators 
in  the  area  of  flagellar  motility  and  dynein  biochaiiistry.  His  laboratory  is 
inpressive  in  its  utilization  of  an  array  of  state-of-the-art  techniques  in  pro- 
tein biochemistry,  ultrastructure,  and  immunological  and  genetic  approaches  in 
providing  answers  regarding  tlie  molecular  and  structural  organization  of  flagel- 
lar outer  dynein  arms  and  the  functions  of  the  individual  subunits  and  polypep- 
tide chains  of  its  dynein  ATPase. 

These  studies  will  not  only  answer  basic  motility  questions  but  will  provide  a 
basis  for  understanding  such  inportant  processes  as  sperm  maturation  and  capaci- 
tation,  which  involve  changes  in  the  functioning  of  the  arras,  and  chranosome 
itovenent  in  dividing  cells,  v^ich  also  appear  to  involve  dynein-like  ATPases. 

Why  is  determining  and  understanding  the  structure  and  function  of  cilia  and 
flagella  inportant?  Ciliary  defects  occur  in  humans  in  various  forms,  such  as 
male  sterility  which  results  from  immobile  sperm.  Depending  on  the  form  of  the 
hereditary  disease,  the  sperm  may  lack  structural  parts,  such  as  both  dynein 
arms,  either  the  outer  or  inner  arms,  the  radial  spoke  heads,  or  the  inner 
sheath  together  with  one  or  both  of  the  central  pair  of  microtubules.  These 
same  defects  also  occur  in  the  respiratory  cilia  of  individuals  v^Aio  ccrnmonly 
have  long  histories  of  respiratory  tract  disease,  i.e.,  recurrent  bronchitis 
and  chronic  sinusitis.  These  conditions  have  been  shown  to  result  from  immo- 
bile respiratory  cilia  v^ich  are  unable  to  do  their  task  of  clearing  mucus  from 
the  lungs  and  sinuses.  This  "iimiobile  cilia  syndrone"  appears  to  be  an  inher- 
ited condition  and  it  has  been  observed  that  approximately  50  percent  of  indi- 
viduals with  it  also  have  a  rare  condition  kncwn  as  "situs  invertus",  in  \Ahich 
there  is  a  reversal  of  the  normal  symnetry  of  the  body,  i.e.,  location  of 
organs  as  in  the  position  of  the  intestines,  heart,  lungs,  etc.  This  entire 
corplex  of  abnormalities  is  known  as  Kartenger's  syndrome.  Basic  research 
studies  of  cilia  and  flagella,  and  in  the  case  of  the  "inmobile  cilia  syndrone" 
and  Kartenger's  syndrome,  specific  studies  of  the  protein  dynein,  mil  provide 

39 


answers,  explaining  not  only  the  cause  of  the  defect,  but  will  also  hopefully 
provide  answers  leading  to  the  restoration  of  normal  function. 

Every  new  bit  of  infomiation  about  the  molecular  make-up  of  the  cell '  s  organ- 
elles is  one  step  more  toward  the  development  of  better  drugs  for  the  treatment 
of  diseases  and  ways  of  perhaps  even  preventing  seme  of  the  diseases  v^ich 
plague  us  new.  Once  we  know  what  controls  the  cell,  we  can  begin  to  understand 
how  to  repair  it  or  treat  it  v\hen  it  malfunctions. 

"The  Role  of  Gap  Junctions  in  Development" 
ROl  GM  32230-04  (Gilula,  N.)  Baylor  University 

In  its  last  report,  the  CMBD  Program  highlighted  the  major  advances  in  the 
understanding  of  gap  junctions  between  cells.  Such  direct  cell-to-cell  ccranun- 
ication  (cell  coupling)  is  a  feature  of  virtually  all  animal  tissues.  The 
coupling  is  known  to  provide  a  lew  conductance  electrical  pathway  between 
neurons,  muscle  cells,  and  among  many  other  cell  types.  Although  many  adult 
cells  are  not  coupled,  they  are  derived  from  coupled  oiibryonic  cells.  There 
appears  to  be  a  special  role  of  coupling  in  development.  It  has  been  proposed 
that  the  coordination  of  cells  during  embryogenesis  is  mediated  by  something 
passing  between  the  cells  through  the  gap  junctions.  The  junctions  not  only 
pass  electric  currents  (that  is,  ions),  but  also  larger  molecules,  including 
metabolites  and  messengers. 

As  noted  in  the  previous  report,  many  workers  are  addressing  the  question  of 
the  mechanism  of  control  of  the  normal  closing  and  opening  of  the  gap  junction 
channels.  For  example.  Dr.  Camillo  Peracchia  of  the  University  of  Rochester 
(CH  20113)  has  provided  much  evidence  on  the  role  of  calcium  in  modulating  the 
coupling.  A  slight  increase  in  intracellular  calcium  can  uncouple  the  cells. 
Dr.  P.N.T.  Unwin,  of  Stanford  University  {(M  28668,  GM  27764  and  GM  30387)  has 
used  a  combined  X-ray  and  electron  diffraction  approach  to  determine  the  struc- 
ture of  gap  junctions.  He  has  also  shown  that  a  slight  increase  in  calcium  can 
alter  the  gap  structure  such  that  the  apparent  channel  appears  to  be  occluded. 

Although  cells  have  developed  a  sensitive  and  elegant  means  of  controlling 
intercellular  coupling,  it  is  difficult  for  investigators  to  investigate  this 
process.  A  long  term  uncoupling  would  require,  for  exanple,  maintenance  of 
elevated  intracellular  calcium  levels.  However,  the  cell  has  also  evolved 
mechanisms  for  keeping  intracellular  calcium  low.  In  addition,  calcium  can 
mediate  many  other  intracellular  processes,  such  as  calmodulin-dependent  phos- 
phorylation. Therefore,  a  more  specific  and  permanent  blocker  of  gap  junction 
channels  would  be  a  very  useful  tool.  In  addition,  despite  the  channel  seen  in 
many,  but  not  all,  structural  studies  of  gap  proteins,  the  connection  between 
cell  coupling  and  the  presence  of  gap  junctions  is  still  inferential.  A  speci- 
fic blocker  of  coupling  vi^ich  also  specifically  interacts  with  gap-  structures 
would  add  powerful  new  evidence  to  the  presumed,  but  unproven,  identity  of  gap 
junctions  as  the  actual  site  of  intercellular  molecular  transport. 

Dr.  Gilula  appears  to  have  succeeded  in  making  just  such  a  selective  probe/ 
blocker.  He  has  trade  several  polyclonal  antibodies  against  the  rtejor,  27  kD 
Dalton  protein  from  rat  liver  gap  junction.  It  is  notable  that  polyclonal 
antibodies  were  far  superior.  Monoclonal  antibodies  are  extremely  specific  to 
small  epitopes  on  the  antigen.  Unfortunately,  it  has  proven  very  difficult  to 
obtain  monoclonals  directed  against  the  functional  portion  of  the  27  kD  protein. 
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In  any  case.  Dr.  Gilula  has  shown  using  elec±ron  microscopic  irnmunolocalization 
that  the  polycolnal  antibodies  selected  can  bind  to  the  cytoplasmic  surface  of 
intact  rat  liver  gap  junctions,  using  electron  microscopic  irnmunolocalization. 
These  antibodies  also  were  shown  to  cross  react  witli  a  54  kD  protein  in  Xencpus 
(frog)  eggs  and  embryos.  Xencpus  entoryo  cells  from  the  8  or  16  cell  stages 
appear  to  exhibit  normal  coupling  even  after  injection  of  control  preirmune 
rabbit  serum.  This  was  demonstrated  by  the  transfer  of  the  intracellular 
marker  dye,  Lucifer  yellow,  between  cells.  Antibody  injection  blocks  the 
spread  of  the  dye  from  the  treated  cell.  Measurement  of  electrical  coupling,  a 
more  sensitive  gauge  of  intercellular  connection,  revealed  that  antibody  injec- 
tion reduced  or  totally  eliminated  all  coupling. 

The  evidence  is  certainly  consistent  with  the  concept  of  the  gap  junctions 
being  the  actual  site  of  intercellular  molecular  transfer.  The  antibodies  seem 
to  be  a  specific  probe  of  the  gap  coupling  sites.  Most  interesting,  the 
injection  of  antibodies  generates  a  high  proportion  of  development  abnormalities 
which  were  related  to  the  developriental  fate  of  the  injected  cell.  There  was 
even  a  clear  pattern  to  the  nature  of  the  abnormalities.  Injection  of  antibody 
generated  a  high  proportion  of  tadpoles  with  a  characteristic  set  of  abnormal- 
ities related  to  the  developmental  fate  of  the  injected  cell.  The  most  fre- 
quently occurring  defect  was  one  of  asyrmietric  developnent.  For  exairple,  the 
right  eye  would  fail  to  form  and  there  would  be  a  gross  underdevelopment  of  the 
brain  on  the  right  side.  These  experiments  are  a  significant  step,  if  only  a 
beginning,  towards  our  eventual  understanding  of  the  role  of  intercellular 
ccntnunication  and  exchange  in  developnent. 

"The  Erythrocyte  Anion  Transport" 
ROl  C2^  22432-11  (Chan,  S.),  California  Institute  of  Technology 

The  mDst  heavily  used  ion  transport  protein  in  typical  vertebrates  is  the  anion 
transporter  of  the  erythrocytes.  Even  the  abundant  sodium/potassium  ATPase  of 
kidney  and  brain,  or  the  proton-ATPase  of  mitochondria  transport  fewer  ions. 
The  anion  transporter  catalyzes  the  chloride-bicarbonate  exchange  in  the  eryth- 
rocyte. In  the  systanic  capillaries,  CO2  enters  the  capillary  lumen  by  dif- 
fusion; it  then  diffuses  into  the  red  cell  and  is  very  rapidly  converted  to  the 
HCO3  and  H"^  by  carbonic  anhydrase;  the  high  intracellular  bicarbonate  drives  a 
bicarbonate-chloride  exchange.  The  net  effect  is  to  convert  gaseous  CO2  in  the 
systemic  capilaries  into  plasma  bicarbonate.  The  entire  process  is  reversed  in 
the  lungs.  In  lungs  or  systemic  tissues,  capillary  transit  time  is  less  than 
half  a  second.  Thus,  the  elanents  of  this  exchange,  the  anion  transporter  and 
intracellular  carbonic  anhydrase,  must  catalyze  a  rapid  process  and  be  suffici- 
ently abundant  to  handle  the  respiratory  load.  Therefore,  it  is  not  surprising 
that  there  are  many  copies  of  the  anion  transporter. 

Fractionation  of  red  cell  ghosts,  which  contain  just  a  membrane  and  membrane- 
associated  matrix  proteins  and  lipids,  produces  a  large  band  on  SDS  acrilamide 
gels,  band  3,  vv^iich  can  be  shown  to  be  the  anion  transporter.  This  peptide  is 
a  95,000  dalton  integral  merribrane  protein  that  ccxistitutes  about  25  percent  of 
the  total  red  cell  membrane  protein.  Two  NIQSIS  grantees,  O.  Frohlich  and  R. 
Gunn  of  Emory  University,  have  estimated,  on  the  basis  of  kinetic  data,  that 
there  are  about  one  million  transporters  per  cell.  Freeze  fracture  by  another 
NIGMS  grantee,  D.  Branton  of  Harvard  University,  shows  intramerribranous  parti- 
cles widely  accepted  as  being  mainly  band  3.  Estimates  of  the  numbers  of  such 
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particles  is  usually  around  400,000  per  cell.  There  is,  therefore,  scxne  reason 
to  believe  that  the  particles  are  aggregates- 

The  anion  transporter  differs  frcra  most,  if  not  all,  other  ion  transporters  in 
several  of  its  kinetic  characteristics.  First,  although  chloride  and  bicar- 
bonate are  transported  most  readily  and  rapidly,  many  other  ai"dons  can  also 
permeate  via  band  3.  This  includes  several  monovalents  and  sane  divalents  as 
well.  In  fact,  another  NIGMS  grantee.  Dr.  A.  K.  Solcmcn  has  recently  presented 
substantial  evidence  that  water  and  urea  cross  erythrocytes  through  the  same 
'chloride  channels'  .  The  chloride  and  bicarbonate  tranport  is  unusual  in  that 
it  consists  almost  entirely  of  an  obligatory  one-for-one  exchange.  Measuronent 
of  35ci-ci  exchange  shows  that  this  is  about  ten  thousand  times  more  rapid  than 
would  be  predicted  frcm  chloride  conductance  mechanisms.  This,  together  with 
other  evideoce,  makes  it  very  unlikely  that  the  anion  transporter  is  an  ionic 
channel.  Although  the  wide  range  of  transported  anions,  rapid  transport,  and 
high  turnover  rate  per  site  would  be  consistent  with  movement  through  a  large 
(several  Angstrom)  anion  channel,  tliis  is  clearly  not  the  case.  The  identi- 
fication of  membrane  fraction  band  3  as  the  anion  exchanger  has  allowed  molecu- 
lar dissection  of  transport  function  although^  unfortunately,  the  total  sequence 
is  not  yet  known.  The  N-teirminal  consists  of  a  large  hydrophilic  dcmain  facing 
the  cytoplasmic  surface.  It  can  be  cleaved  enzymatically,  leaving  a  hydrophobic 
peptide  v\hich  canprises  about  55  percent  of  the  original  band  3  protein,  yet 
still  retains  near  normal  transport  function.  Since  band  3  is  the  most  abun- 
dant integral  membrane  protein,  it  is  not  surprising  that  it  serves  as  an  attach- 
ment site  for  linker  proteins  v\hich  bind  to  the  cytoskeletal  matrix,  thus 
providing  the  erythrocyte  ghost  with  its  unusual  rigidity.  NIGMS  grantee.  Dr. 
V.  Bennett,  of  Johns  Hopkins  University,  has  shown  that  one  major  such  linker, 
ankyrin,  attaches  to  the  cytoplasmic  dcmain  of  band  3.  The  C- terminus  is 
heterogeneous ly  glycosylated,  although  the  reason  for  this  variability  is  lan- 
kncwn.  Many  workers  have  applied  covalent  reagents,  or  peptidases,  to  either 
membrane  face  to  reveal  the  pattern  of  transmembrane  crossing,  as  well  as  to 
produce  fragments  for  structure-activity  studies.  Using  tliis  technique,  one 
Nia^S  grantee.  Dr.  M.  Jennings,  of  the  University  of  Iowa,  has  demonstrated 
that  a  small,  17,000  dalton,  chymotryptic  fragment  spans  the  lipid  bilayer  more 
than  once.  His  evidence,  and  that  of  others,  indicates  that  the  band  3  raonaner 
crosses  the  bilayer  several  times,  possibly  seven,  thus  resembling  the  best- 
studied  intrinsic  moribrane  protein,  bacteriorhodopsin,  vhich  contains  7  alpha- 
helical  segments,  each  of  v\^ich  crosses  the  entire  bilayer. 

The  unusual  kinetics  of  the  anion  transporter  has  been  of  great  interest.  A 
large  family  of  potent  inhibitors  has  been  synthesized,  all  of  \^ich  are  deri- 
vatives of  stilbene  disulfonate.  These  catpounds,  usually  known  ty  their 
initials,  such  as  SITS,  DIDS,  ESSIDS,  and  BIDS,  do  not  penetrate  the  membrane, 
but  inhibit  the  transport  vhen  applied  in  the  extracellular  solution.  Although 
a  few  derivatives  appear  to  be  ccxtpetitive,  irost  react  covalently,  and  irrever- 
sibly inhibit  anion  trarsport.  Dr.  A.K.  Solcsron  has  been  one  of  the  investiga- 
tors most  intensively  studying  the  nature  of  stilbene  disulfonate  derivative 
inhibition.  Most  recently.  Dr.  S.  Chan,  of  California  Institute  of  Technology/ 
has  also  been  using  these  cortpounds,  and  other  probes,  to  investigate  tlie 
transport  mechanisms.  He  has  developed  a  35/37ci  j^]^^  assay.  This  affords  a 
direct  spectroscopic  p:  Sbe  of  the  actual  anicn  site,  and  he  and  his  colleagues 
have  used  it  to  provide  evidence  for  "alternate  site"  models  of  transport,  such 
as  the  "pijig-pong"  mechanism. 


42 


Dr.  Chan  has  observed  35^1  i^qMR  line  broadening  in  the  presence  of  membranes 
containing  band  3  protein.  The  evidence  that  this  is  binding  to  the  transporter 
includes  the  following:  1)  the  sites  are  inhibited  ccnpetitively  by  ENDS;  2) 
The  sites  have  affinities  for  DNDS  and  Cl~that  are  quantitatively  similar  to 
the  known  affinities  for  the  pair;  3)  The  sites  have  relative  affinities  for 
Cl~,  HCD3~,  F~  and  I"  that  are  quantitatively  similar  to  the  known  relative 
affinities  of  these  ions  for  band  3  transport.  The  NMR  probe  has  been  used  to 
investigate  the  transport  cycle.  If  a  nonccnpetitive  inhibitor,  such  as  pNBS, 
is  applied  to  resealed  ghosts  containing  a  low  internal  concentration  of  read- 
ily tranportable  anion,  only  a  fraction  of  the  transporter  sites  are  blocked 
for  subsequent  transport  [after  pNBS  is  washed  out  and  appropriate  intracell- 
ular anions  are  restored].  This  irtplies  that,  in  the  absence  of  a  transportable 
intracellular  anion,  some  of  the  band  3  proteins  rorain  with  their  binding  site 
facing  the  inside  surface,  and  thereby  inaccessible  to  the  covalent  binding  of 
the  stilbene  derivatives  v^ich  cnly  bind  to  the  transporter  when  the  anion- 
binding  site  is  facing  outward.  Under  conditions  v^here  inward  facing  sites 
transport  acions  out,  all  sites  are  blocked  by  pNSA.  Dr.  Chan  has  noted  that 
this,  and  his  other  kinetic  data,  are  consistent  with  the  "ping-pong"  model  of 
Gunn  and  Frohlich,  in  \Ahich  a  single  transport  site  alternates  between  the 
inward-  and  outward-facing  states  and  can  only  change  states  v\^en  occupied  by 
bound  anion.  Frcm  NMR  data,  Chan  ha^  been  able  to  set  the  limits  of  the  rates 
for  chloride  binding  and  dissociation  at  both  faces.  The  binding  and  dissoci- 
ation in  each  direction  exceed  100,000  events/sec/site.  This  is  much  faster 
than  the  known  turnover  rate  of  about  430  at  0"^.  Assuming  that  the  unidirec- 
tional, half  turnover  rates  do  not  differ  by  more  than  one  hundred  fold,  then 
it  can  be  shown  that  the  translocation  of  the  chloride- transport  site  conplex 
across  the  bilayer  is  the  rate-limiting  step.  Dr.  Chan  and  his  colleagues  have 
further  combined  Cl-NMR  with  inhibitor  studies  to  provide  evidence  of  the 
active  chloride  binding  sites.  Covalent,  arginine-specific  reagents,  phenyl- 
glyoxal  and  1,2-cyclohexanedione,  eliminate  the  transport  site  NMR  linebroad- 
ening.  Further  experiments  show  this  linebroadening  to  be  pH-sensitive,  with  a 
pKa  of  about  11.1.  Thus,  there  is  strong  evidence  that  an  arginine  residue, 
accessible  to  these  reagents,  provides  the  positive  charge  in  at  least  one 
conforniation  of  the  transport  site.  Dr.  Chan  new  plans  to  follow  up  these 
experiments  by  binding  labeled  phenylglyoxal  to  the  band  3  arginine,  digestion 
with  papain,  and  location  of  the  labeled  residue.  Further  work  will  address 
not  only  the  binding  site,  but  perhaps  the  most  interesting  question  of  all, 
how  the  structure  and  ccnposition  of  this  site  changes  during  translocation. 
The  anion  transporter  is  so  interesting  and  irtportant  to  human  function,  its 
study  will  be  a  major  focus  of  his  and  other  excellent  laboratories  for  several 
years. 

"Biochemistry  of  Cell  Attachment" 

ROl  a4  28932-05  (Goodenough,  D.),  Harvard  University 
ROl  GM  23244-10  (Horwitz,  A. ) ,  University  of  Pennsylvania 

Very  few  cells  are  freely  moving  and  unattached.   Rather,  most  cells  adhere  to 

other  cells  and/or  the  extracellular  matrix.  The  attachment  is  often  extensive, 
and  provides  the  tissue  with  its  characteristic  stiffness  and  rigidity.  In 
some  cases  attachments  may  serve  not  only  as  mechanical  links,  but  also  as  per- 
meability barriers  to  the  free  movement  of  materials  through  the  intercellular 
cleft.  Some  attachments  are  extremely  labile,  forming  and  disassembling  during 
development,  perhaps  governing  the  morphogenesis  of  the   cell  itself  or  the  en- 
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tire  tissue.  The  control  of  this  lability  is  of  great  interest  in  the  study  of 
developnent,  and  metastasis  as  well. 

Epithelia  vvhich  separate  physiological  ccnpartments  act  as  permeability  barriers 
to  the  transepithelial  passage  of  ions  and  molecules.  This  passage,  called  the 
paracellular  pathway,  is  sealed  by  a  gasket-like  intercellular  junction,  the 
Zona  Occludens  (ZO).  Electron  microscopy  resolved  the  ZO  into  a  series  of 
punctate  fusions  between  adjacent  cells'  plasma  membranes,  vs^ch  branched  and 
anastOTDsed  in  the  plane  of  the  membranes,  generating  a  web-like  structure, 
very  characteristically  displayed  with  freeze- fracture  electron  microscopy. 
Using  electron  dense  tracer,  it  can  be  shown  that  the  ZO  represents  a  barrier 
to  large  molecules  transiting  the  paracellular  space.  It  is  presumed  that  this 
is  also  a  major  ccxiponent  of  the  icnic  and  osmotic  barrier  which  is  essential 
to  normal  epithelial  function.  In  the  past  decade  evidence  has  accumulated 
that  the  ZO  barrier  and  structure  can  be  abolished  and  reformed,  perhaps  subject 
to  control  by  calcium  activity.  Additionally  there  is  substantial  evidence 
that  several  cytoskeletal  conponents,  such  a  a-actinin  and  vinculin,  are  asso- 
ciated with  the  ZO,  perhaps  anchoring  in  or  close  to  the  intercellular  junction. 

Dr.  Daniel  Goodenough,  of  Harvard  University,  and  his  colleagues,  have  been 
studying  the  ZO  for  several  years.  He  has  found  that  standard  mouse  liver 
preparations  contain  intact  bile  canaliculi  and  hepatocyte  "bile  front"  mem- 
branes; and  the  bile  canaliculi  contain  ZO's  along  with  other  junctions  such  as 
desnosanes,  gap  junctions,  zonulae  adherentes,  as  well  as  lateral  plasma  mem- 
branes. Treatment  with  the  detergent,  DOC,  in  canbination  with  the  calcium 
ligand,  ECTA,  results  in  the  solubilization  of  most  of  the  membranes,  leaving 
the  junctional  coiplexes  as  Icog  ribbons,  visible  by  negative  staining.  Further 
extraction  with  the  detergent,  n-lauroyl  sarcosine,  reduces  the  residue  but 
leaves  the  junctional  ccnplex  ribbons  and  solubilizes  or  denatures  the  ZO 
fibrils.  SDS-PAGE  analysis  of  the  DOC-insoluble  pellet  reveals  relatively  few 
bands.  Only  a  few  of  these  are  solubilized  by  sarcosine,  and  these  are  the 
leading  candidates  for  cotponents  of  the  ZO  fibrils.  Although  it  has  been 
possible  to  raise  polyclonal  antibodies  to  seme  of  these  proteins,  this  lab  has 
been  unsuccessful  at  obtaining  antibody  to  the  fibrils.  A  specfic  rabbit  anti- 
body to  the  junctional  ccrtplex  has  been  raised,  and  fluorescence  microscopy  has 
confirmed  its  specificity  for  part  of  the  ccxtplex.  However,  colloidal  gold 
localization  in  the  EM  has  shewn  the  antibody  to  be  associated  with  seme  other 
specific  junctional  element.  However,  any  ccnponent  of  the  junctional  conplex 
is  of  interest.  Although  mouse  liver  junctions  have  proven  far  more  amenable 
to  purification  and  fractionation  than  those  frcm  other  species  tried,  they  are, 
not  surprisingly,  not  effective  antigens  for  raising  mouse  monoclonal  anti- 
bodies. Therefore,  Goodenough  and  his  colleagues  are  switching  to  the  frac- 
tionation of  beef  liver,  with  the  hopes  that  large  quantities  of  junctional 
coiplexes  can  be  obtained,  the  conponents  of  \\hich  will  be  effective  at  raising 
mouse  antibodies. 

A  slightly  different  approacih  has  been  taken  by  Dr.  A.  Horwitz,  of  the  Univer- 
sity of  Pennsylvania,  and  his  collaborators.  They  have  been  investigating  a 
monoclonal  antibody,  CSAT,  which  was  found  to  specifically  inhibit  the  adhesion 
of  chick  myoblasts  to  the  cell  substratum.  Irarrunohistochemical  techniques 
localized  the  CSAT  antigen  at  the  periphery  of  the  cell  along  stress  fibers,  a 
staining  pattern  that  coincides  with  that  of  vinculin  (a  major  cytoskeletal 
element  in  these  cells) .   The  CSAT  antigen  seemed  to  surround  the  moribrane 
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focal  cxDntacts  of  vinculin,  v*S-iile  also  adjoining  the  loci  of  fibronectin  (a 
major  ccrtponent  of  the  extracellular  matrix)  contact. 

Most  recently,  Dr.  Horwitz  has  provided  strong  evidence  that  the  CSAT  antigen 
is  a  receptor  for  the  two  major  extracellular  matrix  proteins,  fibronectin  and 
laminin.  The  three  major  lines  of  evidence  are  that  the  CSAT  antibody  inhibits 
adhesion,  the  antigen  localizes  in  cell  matrix  adhesion  plaques,  and  the  purified 
antigen  interacts  with  the  putative  matrix  receptors.  The  antigen  binds  either 
of  the  matrix  proteins  with  micrcmDlar  affinity.  The  CSAT  antibody  inhibits 
the  formaticn  of  the  antigen- laminin  corplex.  Because  of  technical  problems  it 
proved  more  difficult  to  demonstrate  a  ccrtparable  inhibition  of  the  antigen-fi- 
bronectin  ccrrplex.  However,  a  fibronectin-derived  tetrapeptide,  \ASiich  binds  to 
cells,  does  block  conplex  formation. 

The  CSAT  antigen  has  been  purified  and  shown  to  contain  three  ccxiponents,  of 
about  160,  135,  and  110  kD.  The  CSAT  antibody  will  not  bind  to  any  of 
these  bands.  However,  the  SDS  PAGE  denaturation  has  not  been  reversed  success- 
fully, nor  have  the  investigators  been  able  to  separate  than  under  non-denaturing 
conditions.  Dr.  Horwitz  and  his  colleagues  have  started  collaborating  with 
Dr.  R.  Hynes,  of  MIT,  to  clone  the  gene(s).  A  cOSIA  library  from  Avian  fibro- 
blasts has  been  screened  using  polyclonal  antibodies  against  the  CSAT  antigen. 
So  far,  two  clones  have  been  isolated  vy^ich  synthesize  140  kD  antigens  that 
precipitate  the  antisera. 

What  effect  does  blockage  of  the  CSAT  antigen  matrix  attachment  site  have  on 
the  cells?  The  antibody  was  originally  isolated  because  chick  embryo  ityoblasts 
were  seen  to  round  and  detach  frcm  substrate.  The  antibody  can  be  shown  to 
attach  to  CSAT  protein  in  a  wide  variety  of  chick  cells:  chondrocytes;  cardiac 
myocytes;  skeletal  myoblasts  and  rayotubes;  cardiac,  skeletal,  dermal,  and  tendon 
fibroblasts;  and  neurons.  Whereas  most  cells  detach  fron  substrate  after  CSAT 
antibody  exposure,  cardiac  fibroblasts  seem  surprisingly  refractile,  although 
the  antigen  is  undoubtedly  present.  The  antigen  has  been  localized  to  all 
areas  of  the  neuron.  In  the  presence  of  antibody,  axonal  extension  is  blocked. 
Once  the  axon  is  extended,  fasiculation  is  hastened  by  the  antibody.  The  CSAT 
antigen  appears  to  play  a  major  role  in  axon  routing  and  targeting.  Such 
events  have  been  much  studied  without  a  great  deal  of  progress  in  obtaining  a 
clear  handle  on  any  molecular  event  underlying  these  inportant  growth  processes . 
The  identificatiai  of  an  antigen  v^ich  is  essential  to  normal  nerve  grcwth 
promises  to  cpen  up  a  major  new  line  of  research. 

"Cell  Surface  Lectins  and  Intercellular  Adhesion" 
ROl  GM  23547-09  (Rosen,  S.),  University  of  California,  San  Francisco 

Cell-cell  recognition  is  an  inportant  event  in  developnent,  as  well  as  in  the 
normal  physiology  of  the  adult.  Dr.  Rosen  at  the  University  of  California,  San 
Francisco,  initially  approached  the  study  of  cell-cell  interactions  by  investi- 
gating the  role  of  cell  surface  lectins  in  intercellular  adhesion,  using  the 
sinple  multicellular  slime  mold  as  an  experimental  model.  He  and  others  pro- 
posed that  similar  glycoprotein  lectins  play  a  role  in  mammalian  cell  recogni- 
tion. In  his  most  recent  studies.  Dr.  Rosen  has  been  testing  that  hypothesis 
with  another  interesting  model  for  cell-cell  recognition,  that  of  lynphocyte 
recirculation . 
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During  the  prcx:ess  of  lynphocyte  recirculation,  lyn^ocytes  pass  via  the  blood 
into  secondary  lymphoid  organs  such  as  lyrrph  nodes  and  Peyer's  Patches  (gut- 
associated  lynphoid  tissues ) ,  v^here  they  encounter  a  specialized  vasculature 
known  as  the  postcapillary  venules.  These  blood  vessels  are  characterized  by  a 
cuboidal  endothelial  lining,  and  usually  are  referred  to  as  high  endothelial 
venules  or  HEV.  A  high  proportion  of  lynphocytes  carried  by  the  blood  into 
these  vessels  are  able  to  bind  to  the  apical  surface  of  the  specializexi  endothe- 
lial cells;  the  bound  lyrrphocytes  then  migrate  across  the  endothelium  and 
thereby  gain  entiry  into  the  lyitphoid  organ.  Here  the  lyirjhocytes  encounter 
sequestered  antigens.  If  the  lynphocyte  meets  a  cognate  antigen,  then  an 
immune  response  can  be  mounted.  If  the  appropriate  antigen  is  not  encountered, 
the  lymphocyte  will  leave  the  lyitphoid  organ  with  the  lynph,  and  eventually  be 
carried  back  to  the  blood,  vAiereupon  it  can  reenter  the  same  or  another  lyirph- 
oid  organ.  This  process  of  lynphocyte  recirculation  serves  to  distribute 
immunoccrrpetent  lymphocytes  throughout  the  body  and  thereby  allows  the  body's 
array  of  lyrrphocytes  to  be  brought  into  contact  with  the  antigens  that  are 
sequestered  in  the  various  lyit^oid  organs. 

Dr.  Rosen  has  been  investigating  the  molecular  basis  of  this  highly  specific 
cell-interaction,  focusing  on  two  related  aspects:  1)  the  identification  of 
the  lyrrphocyte  surface  glycoprotein  lectin  whicii  binds  to  the  HEV,  and  2) 
characterization  of  the  recognition  unit  for  this  lectin  on  the  surface  of  HEV 
cells. 

1)  The  Lynphocyte  Surface  Lectin — The  lynphocyte  lectin  responsible  for  HEV 
binding  has  been  isolated  and  appears  to  be  an  80  kD  molecule  vi^ich  selec- 
tively binds  certain  sugars,  such  as  D-^annose-6-phosphate  (M5P) .  Dr.  Rosen 
and  his  collaborators  new  have  devised  an  artificial  cell  recognition  system 
v^ereby  fluorescent  beads  can  be  conjugated  to  a  synthetic  polysaccharide  rich 
in  M6P.  These  beads  decorate  lynphocytes,  and  their  binding  can  be  quantitated 
with  a  fluorescence  activated  cell  sorter  (FACS);  the  binding  of  the  beads  to 
lynphocytes  demonstrates  properties  similar  to  those  of  lynphocyte  binding  to 
frozen  sections  of  HEV  (e.g.,  calcium  dependence  and  trypsin  sensitivity). 

2)  HEV  Recognition  Unit  -  Using  frozen  sections  of  lyn^h  node  HEV,  Dr.  Rosen 
has  shewn  that  treatment  of  the  HEV  with  sialidase,  an  enzyme  v»^ich  cleaves 
sialic  acid,  prevents  lynphocyte  binding  to  the  HEV.  Thus,  the  interaction  of 
lynphocytes  with  lynph  node  HEV  may  involve  the  recognition  of  at  least  two 
sugar  noieties,  D-mannose  and  sialic  acid.  These  sugars  may  be  present. as 
distinct  side  chains  of  the  receptor  glycoprotein  molecule. 

A  second  interesting  observation  is  that  HEV  frcm  the  intestinal  lynphoid 
tissues,  the  Peyer's  patches,  still  bind  lynphocytes  after  sialidase  treatment. 
These  experiments  suggest  that  sialic  acid  may  be  an  organ  specific  recognition 
determinant  involved  in  lynphocyte — ^HEV  adherence  for  lynph  nodes  but  not 
Peyer's  Patches,  whereas  the  6MP  sugar  may  be  involved  in  binding  to  both  kinds 
of  HEV.  Further  studies  are  aimed  at  characterizing  an  acidic  glycolipid, 
isolated  frcxn  lynph  node  HEV  cells,  which  may  act  as  the  attachment  site  for 
lynphocytes.  Such  acidic  glycolipids  also  can  be  used  to  coat  fluorescent 
beads  v^ich  then  bind  avidly  to  lynphocytes. 

Thus,  these  studies  are  defining  both  the  nature  of  the  glycoprotein  molecules 
on  lynphocytes,  as  well  as  the  glycolipid  binding  sites  on  endothelial  cells, 
and  their  distinct  sugar  residues  which  mediate  a  highly  specific  cell-cell 
recogniticn  event  of  great  physiologic  inportance. 
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"Caitrol  of  the  Cell  Cycle" 
ROl  GM  24571-07  (Pardee,  A. ) ,  Dana  Farber  Cancer  Institute 

As  a  cell  grcws  and  divides,  it  progresses  through  defined  stages  of  a  cell 
cycle;  Gq  represents  the  resting  stage,  G^  the  grcv/th  fhase,  and  S  the  phase  in 
v\hch  ENA  is  replicated,  prior  to  G2  and  mitosis.  In  normal  cells,  progression 
through  the  cell  cycle  is  closely  regulated,  with  many  critical  controlling 
events  occuring  in  G^ .  A  cell  in  the  Gi  phase  of  the  cycle  may  either  revert  to 
a  resting  cell  or  progress  to  the  later  part  of  G-^,  and  then  irreversibly  to  S, 
depending  on  a  variety  of  factors. 

The  CMBD  program  supports  several  laboratories  vv^ch  are  investigating  various 
aspects  of  this  central  problem  in  cell  biology.  These  laboratories  are  using 
various  model  systems,  including  prokaryotes,  lower  eukaryotes,  anphibian  cells 
and  manmalian  cell  lines,   to  answer  basic  questions  of  growth  control. 

For  exanple.  Dr.  Harvey  Herschman  of  UCLA  (GM  24797)  is  investigating  the  role 
of  grcwtli  factors,  such  as  epidermal  growth  factor  (EGF)  in  events  in  G^.  Dr. 
Charles  Stiles  of  the  Dana  Farber  Cancer  Institute  (GM  31489),  is  looking  at  the 
relation  of  growth  factors,  such  as  platelet  derived  growth  factor  (PDGF),  to 
proto-oncogene  expression  and  function  in  growing  cells.  Several  other  labora- 
tories, such  as  those  of  Dr.  John  Gerhart,  Berkeley  CA,  (GM  19363),  Dr.  James 
Mailer,  U.  CO,  (GM  26743),  and  Dr.  Thomas  Laffler,  Northwestern  U.,  IL,  (GM 
29460 ) ,  are  working  on  factors  v\hich  control  the  transition  frcsn  tlie  S  phase  to 
G2  and  mitosis,  and  regulation  of  key  events  in  the  mitotic  cycle.  CMBD  sup- 
ports a  program  project  (OVI  31286,  Dr.  Marc  Kirschner  at  the  U.  California, 
San  Francisco) ,  v^hich  addresses  multiple  questions  on  the  molecular  biology  of 
cellular  growth  control,  in  systems  as  diverse  as  the  bacteriophage,  developing 
drosophila  and  xenopus  embryos. 

Dr.  Arthur  Pardee  and  merribers  of  his  laboratory,  in  a  series  of  elegant  experi- 
ments, have  been  investigating  the  molecular  steps  governing  regijlation  of  cell 
growth,  progession  through  the  cell  cycle,  and  initiation  of  DNA  synthesis  in 
manmalian  cells.  Their  approach  is  fourfold:  to  study  1)  the  role  of  growth 
factors  in  the  Gq/G^  and  G^/s  transitions;  2)  the  regulation,  expression,  and 
function  of  proto-oncogenes ,  such  as  c-ras  and  c-rryc  in  G]^;  3)  biochatiical 
events  in  late  G^  which  are  required  for  DMA  synthesis;  and  4)  biochemical 
events  associated  with  nsiA  synthesis  at  the  beginning  of  S  phase.  The  cell 
system  that  Dr.  Pardee  is  using  to  study  these  questions  is  the  3T3  fibroblast 
cell  line.  A  cloned  subline  of  3T3,  called  A31,  has  several  features  v\^ich 
make  it  particularly  amenable  to  analysis  of  cell  cycle  regulation,  i.e.,  1) 
the  cells  can  readily  be  synchronized,  2)  addition  of  serum  to  the  medium  stim- 
ulates quiescent  cells  to  proliferate,  whereas  seruiii  deprivation  causes  actively 
growing  cells  to  revert  to  the  resting  state,  and  3)  they  can  be  trans formeci 
chemically  to  the  neoplastic  state  (BPA31  cells) . 

In  the  past  year.  Dr.  Pardee  has  made  significant  progress  in  dissecting  tlie 

regulatory  elennents  v\^ich  control  these  aspects  of  cell  growth  in  both  normal 
and  chemically  transformed  3T3  cells.  He  has  made  major  findings  in  the  fol- 
lowing three  areas: 

1)  Growth  factors — ^Three  different  growth  factors  are  required  for  Gq/Gi 
transition  of  A31  cells.  In  contrast,  a  single  insulin-like  growth  factor 
(IGF)  is  required  in  late  Gi  for  initiation  of  ENA  synthesis.  The  early  growt!-i 
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factors,  contained  in  serum,  cause  transcription  of  new  messenger  RNA,  v\^ereas 
the  late  IGF  acts  post  transcriptionally.  Thus,  when  cells  in  Gi  are  grown  in 
a  serum  deficient  medium,  they  regress  to  Gq,  but  upon  addition  of  insulin,  or 
IGF,  they  inmediately  proceed  to  the  S  phase.  In  contrast,  continuously  growing 
transformed  BPA31  cells  do  not  require  IGF  for  CMA  synthesis,  indicating  that 
they  have  lost  this  control  point  in  late  Gi. 

2)  Proto-Oncogene  function — Expression  of  c-iryc  is  greatly  increased  vAien 
quiescent  cells  are  stimulated  to  grow.  In  contrast,  in  resting  or  growing 
transformed  BPA31  cells,  c-myc  is  constitutively  expressed  at  the  higher  level, 
i.e.,  the  BPA31  cells  have  lost  cycle-dependent  regulation  of  c-myc  expression. 
However,  expression  of  a  second  proto-oncogene ,  c-ras,  is  cell/ cycle  dependent 
in  both  growing  A31  and  BPA31  cells.  Thus,  the  regulation  of  proto-oncogene 
expression  and  function  is  closely  tied  to  the  control  mechanisms  in  the  growth 
of  normal  cells  as  well  as  to  aberrant  growth  in  neoplastic  cells. 

3)  The  post- transcriptional  progression  frcm  late  G^  to  S  phase  appears  to  be 
dependent  upon  the  presence  of  newly  synthesized  proteins.  This  progression  can 
be  prevented  by  growing  cells  in  serum-deficient  medium,  whereupon  they  revert 
to  a  quiescent  (Gq)  state.  The  point  at  which  they  no  longer  will  revert  to  a 
quiescent  state,  but  are  committed  to  DNA  synthesis  and  progression  through  the 
rest  of  tiie  cell  cycle,  is  called  the  restriction  point.  It  has  been  postulated 
that  an  unstable  protein  plays  a  key  role  in  regulation  of  progression  in  normal 
cells,  and  that  transformed  cells  have  a  protein  variant  that  is  more  stable 
and  leads  to  unrestricted  growth.  Dr.  Pardee  and  co-workers  have  now  isolated 
a  68  kD  protein  whose  rate  of  synthesis  and  stability  in  transformed  cells  is 
greatly  increased.  This  is  the  first  such  protein  to  be  identified  as  a  candi- 
date for  the  restriction  point  control  of  cell  growth. 

In  suranary.  Dr.  Pardee  is  using  a  multipronged  approach  to  determine  the  fac- 
tors which  regulate  all  phases  of  cell  cycle  progression,  to  study  how  these 
factors  interrelate  to  one  another,  and  to  identify  those  aspects  which  are 
unique  to  normally  regulated  versus  uncontrolled  neoplastic  cell  grcwth. 
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GEaSIETICS  PROGRAM 


OBJECTIVES 

The  immediate  goal  of  the  Genetics  Program  continues  to  be  the  acquisition  of 
knowledge  about  the  fundamental  processes  and  mechanisms  of  inheritance  in 
health  and  disease.  The  ultimate  objective  of  the  research,  research  training, 
and  resources  supported  by  the  Program  is  the  prevention,  therapy,  or  cure  of 
human  genetic  disease.  The  Program  staff  considers  the  term  "genetic  disease" 
to  enccsrpass  a  broad  spectrum  of  conditions .  The  term,  as  used  in  this  context , 
includes  not  only  those  conditions  with  single-gene  (Mendelian)  modes  of  inher- 
itance or  chranosanal  abnormalities,  but  also  the  more  ccranon  degenerative  con- 
ditions such  as  atherosclerosis  and  diabetes.  Although  the  risk  of  occurrence 
of  the  latter  kind  of  "multifactorial"  conditions  can  be  modified  by  environmen- 
tal factors,  a  strong  genetic  carponent  is  generally  involved.  Despite  recent 
triunphs  in  molecular  genetics,  methodology  for  the  analysis  of  the  genetics  of 
cortinon  diseases  continues  to  be  an  intractable  and  largely  unsolved  problem. 

The  staff  of  the  Program  seeks  to  pranote  constructive  interactions  with  other 
NIGMS  programs  as  well  as  with  the  other  NIH  Institutes.  Ihe  researcih  supported 
by  the  NIGMS  Genetics  Program  tends  to  differ  from  research  in  genetics  supported 
by  many  of  the  categorical  (i.e.,  specific-disease-oriented)  Institutes.  For 
exanple,  major  orphasis  is  given  to  fundamental  problems  in  genetics,  such  as  the 
mechanisms  of  the  transmission  and  expression  of  genetic  information,  and  the 
control  of  such  processes.  Model  organisms,  such  as  microorganisms,  fruit 
flies,  com,  and  mice  are  extensively  employed  in  this  kind  of  research.  Thus, 
the  research  supported  by  the  Program  must  be  considered  as  a  resource  for 
generating  both  concepts  and  techniques  that  are  important  to,  but  transcend, 
concerns  about  any  one  genetic  disease.  For  exanple,  much  of  the  research  that 
led  to  recoribinant  DNA  technology  was  supported  by  the  Program.  Thus,  the  work 
supported  by  the  Program  has  had  a  large  effect  on  the  economic  life  of  this 
country  and,  probably  more  significantly,  also  has  provided  scientists  with 
tools  to  conduct  types  of  research  v^ch  were  inconceivable  only  a  decade  ago. 
More  recently,  grantees  of  the  Program  developed  new  m.ethodology  for  identify- 
ing the  locations  of  deleterious  genes  on  chrcmosanes ,  using  restriction  frag- 
ment length  polymorphisms  (RFLPs) .  This  methodology  has  been  responsible  for  a 
major  breakthrough  in  researcJi  on  Huntington's  disease.  It  is  now  being  inten- 
sively applied  in  research  on  cystic  fibrosis,  and  it  offers  great  hope  in  the 
diagnosis  and  ultimate  eradication  of  other  such  serious  diseases.  Characteris- 
tically, the  NIO^S  Genetics  Program  has  supported  the  research  that  has  led  to 
the  concepts  and  methodologies,  vAiile  subsequent  research  oriented  toward 
specific  diseases  tends  to  be  supported  by  one  of  the  categorical  Institutes. 

ORGANIZATION  AND  STAFFING 

The  Genetics  Program  is  organized  into  two  sections  that  are  designed  to 
enphasize  significant  trends  and  perceived  changes  in  the  rapidly  moving  field 
of  genetics:  The  Molecular  and  Medical  Genetics  Section  and  the  Genetics  of 
Growth  and  Differentiation  Section. 
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Until  summer  1984,  the  Molecular  and  Medical  Genetics  Section  was  headed  by 
Dr.  E&vid  Beck,  who  was  also  Deputy  Director  of  the  Genetics  Program.  Dr.  Beck 
left  NIH  in  July,  1984  to  assume  new  duties  at  the  Public  Health  Research 
Institute,  New  York,  N.Y.  Dr.  Fred  H.  Bergmann,  the  Program's  Director,  is 
currently  acting  head  of  this  section.  In  addition,  the  section  includes  Drs. 
Irene  Eckstrand  and  James  Cassatt  (part  time,  in  addition  to  duties  with  the 
E'iophysics  and  Physiological  Sciences  Program).  Dr.  George  Wbolley,  a  long- 
time staff  member  in  the  Program,  retired  in  January,  1985.  Currently 
Ms.  Dolores  Lowery,  a  member  of  the  MARC  Program,  is  assisting  us  on  a  part- 
time  basis  particularly  in  the  administration  of  National  Research  Service 
Award  individual  postdoctoral  fellowships. 

Ihis  section  of  the  Genetics  Program  supports  studies  on  the  replication, 
reconbination  and  repair  of  DNA,  the  mechanisms  of  mutagenesis,  extrachroraosom- 
al  inheritance,  protein  synthesis,  human  medical  genetics,  and  cytogenetics  and 
gene  mapping.  Until  FY  1985,  this  section  had  also  supported  a  number  of  studies 
on  the  physical  and  organic  chemistry  of  nucleic  acids.  Research  projects  on 
these  topics  were  transferred  to  the  recently  reorganized  Biophysics  and 
Etiysiological  Sciences  Program. 

The  other  subdivision  of  the  Genetics  Program  is  the  Genetics  of  Grov/th  and 
Differentiation  Section.  The  Chief  of  this  section,  who  is  also  the  Eteputy 
Director  of  the  Genetics  Program,  is  Dr.  Judith  Greenberg.  Dr.  Jane  Peterson 
(at  NSF  until  June,  1985),  Dr.  Darothea  Miller  (retirement  effective  November  1, 
1985)  and  Dr.  Barbara  Williams  assist  in  administering  this  coitponent  of  the 
Program. 

The  Genetics  of  Growth  and  Differentiation  Section  supports  studies  on  chromo^ 
sane  organization  and  mechanics,  developmental  genetics,  mechanisms  of  tran- 
scription and  the  control  of  gene  expression,  rearrangement  of  genetic  elements, 
and  population  genetics.  During  1984,  a  new  subsection  of  this  program,  on  RNA 
processing,  was  created  to  reflect  rapid  developments  in  the  field,  as  well  as 
the  relationship  of  RNA  processing  to  post- transcriptional  control  of  gene 
expression.  In  addition,  another  new  subsection  was  designated  to  emphasize 
the  emerging  inportance  of  studies  on  neurogenetics  and  the  genetics  of  behavior 
in  model  systems. 

In  the  past  two  years,  the  program  has  experienced  a  larger- than-normal  turnover 
of  support  staff.  Ms  Cora  Sullivan  left  in  January,  1984,  and  Ms.  Linda  Virgens 
left  in  July,  1984.  New  support  staff  (since  summer,  1983)  are  Ms.  Martha 
Shanahan  (joined  in  Etecember,  1983),  Ms.  Jackie  Whelchel  (June,  1984),  Ms.  liicy 
Clarke  (left  program  in  May,  1983,  rejoined  in  March,  1985)  and  Ms.  Maureen 
anith  (June,  1985).  Ms.  Mollie  Hilty  is  now  devoting  a  part  of  her  efforts  to 
the  Biophysics  and  Physiological  Sciences  Program. 


RESEARCH  OVERVIEW 

The  diversity  of  the  research  supported  by  the  NIGMS  Genetics  Program  is  best 
appreciated  by  a  listing  of  the  topics  which  we  utilize  to  assign  research 
projects  to  the  two  sections,  and  their  respective  subsections.  Each  of  these 
subsections  represents  a  portfolio  of  active  grants,  as  well  as  applications 
currently  under  review,  or  under  consideration  for  funding.  Each  of  the  profes- 
sional staff  members  of  the  Program  has  responsibility  for  one  or  more  of  these 
programmatic  sub-sections: 
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1 .  Molecular  and  Medical  Genetics  Section 

21200  Replication,  Recanbination  and  Repair  of  CiSIA 

Enzymes  and  mechanisms  of  DNA.  replication  and  repair;  enzymology  and  genetic 
control  of  general  harologous  recorbination;  enzymatic  modification  of  ESslA; 
regulation  of  DNA  replication,  repair  and  harologous  recanbination;  DNA.  repli- 
cation associated  with  transformation  and  plasmid  transfer;  mechanisms  of 
transformation,  plasmid  transfer  and  trans feet ion. 

21250  Mechanisms  of  Mutagenesis 

Mechanisms  of  action  of  mutagens  and  carcinogens;  genetics  and  biochemistry  of 
mutation;  interactions  of  mutagens  with  nucleic  acids. 

21280  Extrachromosomal  Inheritance 

Genetic  aspects  of  mitochondria,  plastids,  kinetoplasts,  and  other  extranuclear 
organelles;  nuclear-cytoplasmic  relationships  in  genetic  expression. 

21320  Mechanisms  and  Control  of  Translation  and  Assembly 

Protein  synthesis  as  a  process,  including  initiation,  elongation  and  termina- 
tion; control  of  protein  synthesis  at  the  level  of  translation;  structure, 
function,  and  isolation  of  cytoplasmic  mRNA;  effect  of  structure  of  mRNA  on 
translation;  interaction  of  mRNA  with  cytoplasmic  proteins;  structure  and 
function  of  tRNA;  structure,  assembly  and  function  of  ribosanes  and  riboscmal 
cotponents;  stmacture  and  assoiibly  of  phages  and  viruses;  function  of  phages 
and  viruses  \Ahen  not  serving  as  a  model  for  other  processes,  e.g.  transcription. 

21400  Human  Medical  Genetics 

Correlation  of  chranoscmal  anonalies  with  dysfunction;  single  gene  defects 
including  the  genetic  and  molecular  basis  of  metabolic  errors;  prenatal  diagno- 
sis and  heterozygote  detection;  studies  of  polygenic  inheritance  in  human 
genetic  epidaniolcgy;  generalized  approaches  to  therapy  for  genetic  disorders; 
animal  models  of  genetic  disorders;  pharmacogenetics  v^ere  the  enphasis  is  on 
genetics . 

21480  Cytogenetics  and  Gene  Mapping 

Chromosone  mapping;  synteny  and  pedigree  analysis  for  linkage;  general  cytogen^ 
etics;  sonatic  cell  genetics;  molecular  methods  for  gene  mapping. 

2.  Genetics  of  Growth  and  Differentiation  Section 

21500  RNA  Processing 

All  processing  of  RNA  following  cotpletion  of  transcription  of  the  particular 
gene  region  and  prior  to  translational  events  in  the  cytoplasm:  nuclear  and 
analogous  proT<aryotic  modifications  of  RNA,  including  methylation  and  capping; 
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cleavage  of  RNA;  polyadenylation  of  RNA;  formation,  structure  and  function  of 
hnRNA(P)s;  splicing  of  RNA;  formation,  structure  and  function  of  snRNA{P)s;  and 
transport  of  RNAs. 

21600  Chromosome  Organization  and  Mechanics 

Arrangement  of  nucleotide  sequences  in  chranosomes ,  and  methods  for  detecting 
and  analyzing  unique  and  repetitive  sequences;  changes  in  sequence  distribution 
and  organization  during  development,  differentiation  and  evolution;  chrcxtosome 
architecture  and  the  interaction  of  structural  ccsrponents,  including  polynucle- 
otides and  histone  and  nonhistone  chromosomal  proteins;  dhranosanal  mechanics, 
including  s^regation,  crossing  over,  and  chrcxtioscme  rearrangements;  general 
mechanisms  of  chraroscme  inacti vation . 

21700  Developmental  Genetics 

Genetic  factors  in  germ  cell  formation  and  meiosis;  genetic  control  of  determi- 
nation and  differentiation  of  cell  types;  genetic  control  of  the  cell  cycle  and 
cell  growth;  node  of  action  of  pleiotrqpic  effectors  that  regulate  cell  differen- 
tiation and  specialization;  gene  dosage  and  its  expression  during  development. 

21750  Mechanism  of  Transcription  and  Control  of  Gene  Expression 

Transcription  as  a  process:  stmjcture  and  function  of  ESSIA-dep)endent  RNA  poly- 
merases; repressor,  operator,  and  terminator  structure  and  function;  RNA  splic- 
ing \fjh.en  studied  as  part  of  transcription;  action  of  pleiotrqpic  effectors  of 
transcription;  differential  gene  transcription  and  its  control  except  ';>^.en  the 
enphasis  is  on  development;  structure  and  organization  of  genes  or  ccsrplex  loci 
as  these  relate  to  gene  expression;  and  studies  on  gene  rearrangement  v*hen 
eitphasis  is  on  the  control  of  expression. 

21780  Rearrangement  of  Genetic  Elements 

Studies  of  the  transposition  of  genetic  elonents;  insertion  sequences  and  other 
specialized  regions  of  recoinbination  involved  in  gene  transposition;  mechanism 
and  control  of  sp>ecial  types  of  gene  rearrangement  including  site-specific  and 
illegitimate  recarribination  and  gene  splicing;  integration  and  excision  of 
viruses  and  other  episcmes. 

21800  Dynamics  of  Genes  in  Population 

Population  genetics  except  those  studies  relating  to  medical  genetics;  genetic 
approaches  to  evolution  including  protein  and  nucleic  acid  polymorphisms  in 
natural  and  laboratory  populations;  mechanisms  of  spjeciation;  corplex  polygenic 
systems  in  populations;  ecological  genetics;  environmental  effects  on  genetic 
structure  of  populations;  mathematical  and  biological  model  systems. 

21850  Neurogenetics  and  the  Genetics  of  Behavior 

Genetic  determinants  of  behavior  p>attems;  genetic  factors  affecting  learning 
and  memory;  action  of  genes  in  regulating  differentiation  of  neural  tissues 
and  development  of  the  nervous  syston. 
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RESEARCH  TRAINING 

In  1985,  several  important  changes  affecting  the  administration  of  training  in 
genetics  under  the  National  Research  Service  Act  took  place.  Following  the 
retirement  of  Dr.  George  Woolley,  who  had  administered  postdoctoral  fellowships 
in  genetics  since  1981,  the  Genetics  Program  moved  toward  greater  staff  involve- 
ment in  training.  Three  professional  staff  members — Irene  Eckstrand,  Jane 
Peterson,  and  Dolores  Lowery  (part-time  in  Genetics  Program) — cooperatively 
administer  postdoctoral  and  senior  fellowships  (F32's  and  F33's).  Judith 
Greenberg  continues  to  administer  the  postdoctoral  institutional  training 
grant  program. 

The  Genetics  Program  currently  offers  three  training  mechanisms — individual 
postdoctoral  fellowships  (F32),  senior  fellowships  (F33),  and  postdoctoral 
institutional  training  grants.  The  major  emphasis  of  the  program  is  on  indi- 
vidual postdoctoral  fellowships,  although  a  small  number  of  senior  fellowships 
to  support  retraining  of  experienced  scientists  are  awarded  each  year.  The 
postdoctoral  institutional  training  program  emphasizes  research  training  for 
M.D. 's  and  Ph.D. 's  in  medical  genetics.  This  program  is  highly  selective  and 
is  likely  to  become  more  so  as  funds  for  training  becone  more  scarce. 

Several  trends  in  individual  postdoctoral  training  are  becotiing  apparent: 

1.  The  following  table  provides  the  numbers  of  postdoctoral  fellowships 
awarded  by  the  Genetics  Program,  NIGMS,  and  NIH  in  1980  and  1985: 

1980  1985 

Genetics  Program 

NIGMS 

NIH 


In  1980,  about  50  percent  of  the  fellows  supported  by  NIGMS  were  in  the 
Genetics  Program;  18  percent  of  all  of  the  NIH  individual  postdoctoral 
fellows  were  supported  by  the  Genetics  Program.  Since  then,  the  number  of 
fellowships  has  decreased  sharply;  further,  the  fraction  of  NIH  fellows 
supported  by  NIGMS  has  dropped.  Training  in  genetics,  however,  remains 
popular.  As  of  August,  1985,  the  Genetics  Program  administered  237  indi- 
vidual postdoctoral  fellowships — 58  percent  of  the  total  NIGMS  fellowship 
program  and  still  13  percent  of  the  total  number  of  individual  postdoc- 
toral fellowships  awarded  by  NIH. 

2.  Approximately  4  percent  of  the  individual  postdoctoral  fellows  sup- 
ported by  the  Genetics  Program  have  M.D.  degrees.  Most  of  these  M.D.  's 
also  have  Ph.D.  degrees.  By  comparison,  about  18  percent  of  all  NIH 
fellows,  who  are  supported  by  the  categorical  institutes,  are  M.D. 's. 

3.  The  Genetics  Program  supports  13  institutional  training  grants  which 
provide  training  for  51  postdoctoral  trainees.  Nearly  half  of  the  trainees 
have  M.D.  degrees. 
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4.  Plant  genetics  is  an  increasingly  popular  area  for  postdoctoral  train- 
ing. About  15  percent  of  the  individual  fellows  are  engaged  in  research 
in  which  higher  plants  serve  as  model  systems.  It  will  be  interesting  to 
determine  the  impact  of  this  training  on  future  research  trends. 

Ihe  iitportance  of  postdoctoral  training  has  increased  with  the  need  to  master 
sophisticated  genetic  methodologies.  The  current  objective  of  the  training 
program  is  to  train  highly  conpetent  bianedical  research  scientists  by  providing 
excellent  candidates  with  opportunities  to  develop  their  own  research  competence 
and  creativity  under  the  supervision  of  outstanding,  experienced  mentors. 
NIH^wide  evaluations  of  postdoctoral  training  suggest  this  objective  is  being 
achieved. 


CONTRACTS 

A.  Human  Genetic  Mutant  Cell  Repository  (Contract  NOl-GM-4-2100) 

The  Human  Genetic  Mutant  Cell  Repository,  known  widely  throughout  the  genetics 
research  community  as  the  Cell  Bank,  is  currently  in  its  thirteenth  year  of 
operation.  Over  the  course  of  these  13  years,  the  Cell  Bank  has  continued 
to  expand  to  meet  the  current  needs  of  genetics  researchers  and  to  anticipate 
future  needs.  The  Cell  Bank  is  highly  regarded  for  its  service  in  providing 
well-characterized,  contamination-free  cell  lines  frcm  patients  with  a  wide 
range  of  genetic  diseases  and  fron  unaffected  family  members.  The  collection 
now  contains  over  3500  cell  lines.  Many  of  these  have  characterized  biochemical 
or  cytogenetic  defects,  whereas  others  are  frcsn  patients  with  genetic  disorders 
in  which  the  primary  defect  has  not  yet  been  identified. 

Stimulated  by  the  encouraging  results  obtained  by  correlating  restriction 
fragment  length  polymorphisms  (RFU's)  with  the  occurrence  of  a  particular 
genetic  defect  in  a  large  pedigree,  geneticists  are  increasingly  studying 
RFLPs  as  markers  for  a  variety  of  disorders.  In  response  to  the  need  for 
large  pedigrees  for  linkage  analysis,  the  Cell  Bank  has  acquired  samples  from 
multi-generational  families  with  cystic  fibrosis,  diabetes,  tuberous  sclerosis, 
and  ophthalmologic  and  connective  tissue  disorders.  Ihe  Cell  Bank  also  main- 
tains extended  pedigrees  fron  normal  individuals  (the  Utah  collection)  and 
from  individuals  with  primary  affective  disorders  (Old  Order  Amish  collection) 
and  Huntington's  disease  (Venezuelan  collection  and  their  normal  family  mem- 
bers). The  Cell  Bank  has  also  recently  initiated  a  small  collection  of  scmatic 
cell  hybrids  which  will  be  of  value  for  gene  mapping. 

In  the  past  year,  the  Cell  Bank  shipped  nearly  4000  cultures,  to  researchers 
in  the  United  States  and  abroad.  Anong  the  most  frequently  requested  cell 
lines  are  those  from  patients  with  Huntington's  disease,  xeroderma  pigmentosum, 
cystic  fibrosis,  ataxia  telangiectasia,  and  primary  affective  disorders.  Cyto- 
genetically  abnormal  cell  lines,  such  as  those  containing  trisomies,  are  also 
in  great  demand.  In  addition,  cell  lines  frcm  the  extended  Utah  pedigree  and 
frcm  other  apparently  normal  individuals  are  heavily  utilized. 

The  Cell  Bank  publishes  an  annual  catalog  which  serves  as  a  valuable  reference 
to  investigators  in  genetics  and  cell  biology.  In  each  of  the  last  several 
editions,  the  catalog  has  undergone  improvements  to  make  it  increasingly  use- 
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ful.  For  exanple,  cell  lines  are  cross-referenced  by  their  McKusick  numbers. 
This  cotplements  the  listing  of  the  Cell  Bank's  holdings  v^hich  is  included  in 
the  1983  edition  of  Dr.  Victor  McKusick' s  Mendelian  Inheritance  in  Man.  Other 
additions  to  the  catalog  include  reference  pedigrees  for  the  Utah,  Old  Order 
Amish,  and  Venezuelan  pedigrees  and  diagrams  of  each  chranoscane  showing  trans- 
location breakpoints  and  regions  of  itionosoray,  trisony,  or  greater  dosage  corre- 
sponding to  each  dhroroscrtially  aberrant  cell  line  in  the  collection. 

Rjllcwing  a  corpetitive  review,  the  contract  for  the  Human  Genetic  Mutant  Cell 
Repository  was  again  awarded  in  1984  for  five  years  to  the  Institute  for 
Medical  Research  in  Camden,  NJ.  The  contract  was  recently  modified  to  enable 
the  Cell  Bank  to  increase  its  orphasis  on  the  characterization  of  cell  lines 
at  the  molecular  level. 

The  project  officer  for  the  Cell  Bank  is  Dr.  Judith  Greenberg.  She  is  advised 
by  a  group  of  highly  dedicatei  scientists  v\ho  perform  an  cinnual  site  visit  to 
review  the  cell  lines  acquired  during  the  preceding  year,  to  reconmend  future 
acquisitions,  and  to  establish  general  policies.  Meetings  to  provide 
advice  on  specialized  collections  are  also  held  periodically. 

B.   GENBANK®,  THE  GENETIC  SEQUENCE  DATABANK 

In  1982,  NIO^S  established  a  ccarputerized  data  bank  of  nucleotide  sequences. 
Since  that  time,  the  data  base  has  continued  to  grow  dramatically  and  as  of 
Septerriber  30,  1985,  it  included  5,204,420  base  pairs  cotprising  5,700 
sequences.  The  database  is  organized  into  12  sequence  groups  to  facilitate 
searching  (primate,  rodent,  other  mammalian,  non-maimelian  vertebrate,  inverte- 
brate, plant,  organelle,  bacterial,  structural  RNA,  viral,  bacteriophage,  and 
synthetic/ chimeric  sequences) .  Each  sequence  is  described  by  20  data  items 
covering  size,  base  content,  sites  of  biological  interest,  literature  reference 
and  source.  The  largest  sequence  to  date  in  the  data  base  is  the  ccnplete 
sequence  of  the  Epstein-Barr  virus,  coirpDsed  of  172,282  base  pairs. 

GenBank®  is  available  on-line  via  direct  dial-up  access  or  by  Telenet  and 
can  be  access^J  frcm  Prophet  sites.  Off-line  distribution  is  primarily  via 
coiputer  readable  magnetic  tapes.  Full  releases  of  the  data  base  are  available 
quarterly  with  incremental  updates  available  monthly.  GenBank®  is  also  distri- 
buted by  sequence  group  on  IBM-carpatible  floppy  disks.  A  yearly  hard-copy 
conpendium  is  available  as  a  four  volume  supplement  to  Nucleic  Acids  Research . 
The  latter  contains  the  combined  contents  of  GenBank®  and  the  European  Molecular 
Biology  Laboratory's  Nucleotide  Sequence  Librciry. 

GenBank®  is  supported  under  contract  to  Bolt  Beranek  and  Ne\Aiiian  Inc.  (BBN)  of 
Cambridge,  MA.  Data  collection,  entry  and  annotation  is  performed  at  Los 
Alamos  National  Laboratory  under  the  direction  of  Dr.  Walter  Goad.  Database 
managanent  and  distribution  is  handled  by  BBN  under  the  technical  direction  of 
Dr.  Wayne  Rindone.  Support  for  the  data  bcink  is  provided  by  the  NIOMS,  the 
National  Institute  of  Arthritis,  Diabetes,  and  Digestive  and  Kidney  Diseases, 
the  National  Institute  of  Allergy  and  Infectious  Diseases,  the  National  Cancer 
Institute,  and  the  Division  of  Research  Resources  of  NIH,  the  Office  of  Energy 
Research  and  the  Office  of  Basic  Energy  Science  of  the  Etepartment  of  Energy, 
the  National  Science  Foundation,  and  the  Department  of  Defense. 
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The  NIO^  is  assisted  in  the  scientific  oversight  of  the  data  bank  by  curators 
appointed  by  NIGMS.  These  scientists  are  Dr.  Dieter  Soil  of  Yale  University 
(tRNAs) ,  Dr.  Richard  Roberts  of  Cbld  Spring  Harbor  Laboratory  (adenovirus). 
Dr.  Fred  Blattner  of  the  University  of  Wisconsin  (laitibdoid  phages).  Dr.  Joachim 
Messing  of  the  University  of  ^4innesota  (plants)  and  Dr.  Elvin  Kabat  of  Ooluinbia 
University  ( iirmunoglobul  ins ) . 

Enhancements  to  the  data  base  this  year  have  included  distribution  of  the  data 
base  on  floppy  disks,  and  the  provision  of  an  on-line  software  clearing  house 
to  provide  information  on  the  availability  of  sequence  analysis  and  manipulation 
programs.  There  are  currently  25  entries  in  this  auxiliary  data  base. 

SMALL  BUSINESS  INNOVATION  RESEARCH  (SBIR); 

As  a  result  of  the  Small  Business  Innovation  Research  Act,  agencies  responsible 
for  the  funding  of  basic  research  are  required  to  set  aside  a  small  percentage 
of  their  budgets  to  fund  proposals  sutxnitted  by  small  businesses.  The  awards 
fall  into  two  phases.  The  purpose  of  phase  I  awards  is  to  demonstrate  the 
feasibility  of  the  project.  If  phase  I  is  successful,  the  applicant  can  apply 
for  a  phase  II  award,  the  purpose  of  v^ich  is  to  bring  the  project  to  the  point 
of  cconercialization. 

In  August,  1985,  the  Genetics  Program  had  three  active  phase  II  and  two  active 
phase  I  grants.  Two  of  the  phase  II  grantees  were  well  along  in  their  project 
and  reported  significant  progress. 

In  one  phase  II  grant  Dr.  Phillip  Doggett  of  ESSIASTAR,  in  collaboration  v^th 
Dr.  Fred  Blattner,  President  of  DNASTAR,  is  developing  software  for  the  analysis 
of  ENA  sequences.  The  major  advantage  of  the  programs  developed  by  DNASTAR  is 
that  they  are  designed  to  run  on  an  IBM  personal  cotputer.  The  basic  concept 
is  to  market  an  entire  system  ccxtplete  with  software.  Included  would  be  the 
IBA  PC,  a  hard  disk  drive  with  sufficient  capacity  to  store  all  the  DNA  se- 
quences in  GenBank®  (both  now  and  for  the  foreseeable  future) ,  a  light  box 
for  reading  sequencing  gels,  and  the  other  custonary  peripherals  (floppy  disk 
drive,  printer,  etc.).  Of  special  interest  to  NIO^  is  that  with  this  set-up 
an  investigator  vrould  be  able  to  manipulate  the  information  contained  in 
GenBank®,  a  facility  funded  largely  by  a  contract  fran  NIGMS.  Included  in 
the  software  developed  are  programs  1)  for  searching  GenBank®  for  DNA  sequences 
identical  to  or  hanologous  with  (to  a  specified  degree)  a  given  DNA  sequence, 
2)  to  determine  the  sequence  of  a  fragment  of  ENA  directly  from  a  sequencing 
gel,  and  3)  to  design  an  optimal  DNA  probe  of  specified  length  for  a  protein 
of  known  amino  acid  sequence.  The  project  has  made  sufficient  progress  to 
allow  test  marketing  of  some  of  the  software. 

In  another  grant.  Dr.  Mickey  Urdea  of  Qiiron  Corporation  has  refined  existing 
technology  to  develop  a  new  apparatus  to  synthesize  short  stretches  of  DNA 
oligonucleotides.  Although  of  evolutionary  rather  than  revolutionary  design, 
the  new  synthesizer  is  a  distinct  irrprovement  over  models  currently  being 
marketed.  Dr.  Urdea  reports  that  with  his  apparatus  he  can  routinely  synthesize 
oligonucleotides  more  than  100  bases  long.  Further  iitprovement  in  this  type 
of  technology  will  be  an  important  benefit  to  the  many  NIGMS  grantees  v^o  are 
synthesizing  oligonucleotides  for  structural  studies  of  short  stretches  of 
ENA  for  use  as  probes  to  isolate  selected  genes,  or  as  DNA  segments  for  site 

directed  mutagenesis. 
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In  the  third  phase  II  grant.  Dr.  RDbert  Pergolizzi  is  developing  biotin-labeled 
DMA  prodes  for  the  non-radioactive  detection  of  DNA:DNA  hybrids.  This  area 
is  one  of  particular  interest  and  inportance  as  our  ability  to  diagnose 
genetic  disorders  at  the  gencmic  level  is  growing  rapidly.  This  type  of  develop- 
ment will  permit  the  rapid  transfer  of  the  knowledge  gleaned  from  basic  science 
into  the  clinical  realm. 


RESEARCH  HIGHLIGHTS,  FY  1985 

A.  New  Methodologies  in  Genetics 

1.  Overview;  The  Inportance  of  New  Methodologies  to  Molecular  Genetics 

In  the  period  between  1950  and  1970,  much  of  v^^iat  we  now  call  "mechanistic"  or 
molecular  genetics  grew  out  of  studies  of  relatively  sittple  model  organisms, 
such  as  the  bacterium  Escherichia  coli  and  its  vijruses.  In  the  seventies,  and 
particularly  since  about  1980,  these  ideas  have  begun  to  be  applied  to  research 
on  higher  organisms,  such  as  the  fruit  fly,  mouse,  and  man,  organisms  with  far 
greater  morphological,  behavioral,  and  genetic  ccitplexity  than  E.  coli. 

The  genome  of  E.  coli  consists  of  a  sequence  of  nucleotides  4000  kb  (kilobase 
pairs)  long.  By  contrast,  the  human  haploid  genome  is  almost  one  thousand  times 
larger  (2.9  million  kb) .  This  correspondingly  greater  ccxrplexity  strains  the 
capabilities  of  current  research  methodologies  to  the  limit.  In  fact,  the  rate 
of  progress  in  itolecular  genetics  is  often  very  closely  coupled  to  the  develop- 
ment of  n&^  methodologies.  The  idea  of  using  restriction  fragment  length 
polymorphisms  (RFLPs)  for  human  linkage  assignments  (Botstein,  Davis,  White, 
and  Skolnick)  has  "rejuvenated  classical  genetic  approaches  and  (has)  already 
contributed  to  the  chrcmDscmal  localization  of  loci  associated  with  muscular 
dystrophy  and  Huntington's  disease".*  Nevertheless,  the  idea  is  only  a  few  years 
old,  and  new  methods  v\Siich  pronise  to  extend  its  utility  are  of  obvious  inpor- 
tance (see  section  A2) . 

Although  the  use  of  recombinant  DNA  technology  to  obtain  useful  amounts  of  rare 
proteins  for  research  and  application  is  becoming  ccirrnonplace,  new  methods  are 
still  being  developed.  The  second  highlight  in  this  section  details  how  an  E. 
coli  host  can  be  coaxed  to  produce  proteins  v\*iich  are  extranely  toxic  and.  would 
normally  be  lethal  to  itself  even  if  present  in  trace  airounts. 

Some  thirty  years  ago,  new  techniques  took  perhaps  a  decade  or  more  to  become 
established  as  the  standard  tools  of  the  average  laboratory  scientist.  It  is 
characteristic  of  the  pace  of  modem  genetics  eind  its  need  for  advanced  method- 
ology that  the  newest  methods,  such  as  RFLP  analysis  and  pulsed  field  electro- 
phoresis, have  rapidly  been  adopted  in  scores  of  laboratories  throughout  the 
world.  Characteristically,  many  of  the  developers  of  such  methodologies  are 
the  grantees  of  the  NIGMS  Genetics  Program — generally  not  because  they  are 
methodology-oriented  but  because  the  lack  of  suitable  methodology  is  a  bottle- 
neck in  their  own  research.  It  is  thus  most  ajpropriate  that  a  significant  por- 
tion of  the  Genetics  Program  FY  1985  annual  report  is  devotei  to  advances  in 
methodology. 

*  P.N.  Goodfellow,  ISfeture  314:135  (85) 
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We  have  become  so  accustoned  to  thinking  about  the  "revolution  in  genetics"  as 
being  due  to  reccitibincint  TMA  technology,  now  more  than  a  decade  old,  that  we 
may  not  be  as  aware  of  a  second  and  more  recent  (three  to  four  years  old) 
"revolution"  that  has  given  us  a  radically  new  way  of  thinking  about,  and 
doing,  genetics.  Ihis  nearer  developtient  is  due  to:  (1)  new  technologies  such 
as  rapid  ESSIA.  sequencing;  isolation  of  large  IMh  fragments;  the  ccsrputer-assisted 
identification  of  control  regions  and  "open  reading  frames";  many  of  v^ich  can 
be  subsumed  under  the  terms  "chraroscme  walking"  and  "chroTioscme  hopping"; 
(2)  new  concepts,  such  as  that  of  domains  in  proteins  as  being  informationally 
equivalent  to  exons  in  nucleic  acids,  differential  splicing  of  mRNA  precursors 
to  get  different  gene  products  out  of  the  same  piece  of  DMA,  and  the  conserva- 
tion of  iitportant  sequences  throughout  evolution — a  new  kind  of  ccnparative 
biochonistry;  and  (3)  new  resources,  of  vvhich  GenBank®  and  the  Human  Genetic 
Mutant  Cell  Repository,  both  administered  by  NIGMS,  are  good  exanples. 

■niese  newer  concepts,  techniques  and  resources  have  led  to  the  development  of  a 
very  new  kind  of  genetics.  One  can  now  "map"  a  very  conplex  trait  about  whose 
molecular  biology  we  knew  essentially  nothing — a  coiplex  developmental  mutation 
in  fruit  flies,  or  an  inherited  neurological  disease  in  humans — then  directly 
analyze  the  regions  of  DNA  at,  or  near,  the  genetic  locus  that  seans  to  be 
involved.  One  then  analyzes  this  region  of  DNA  in  a  variety  of  ways  and  ulti- 
mately makes  a  sort  of  informed  guess  at  how  mutations  in  these  sequences  modify 
and  disturb  normal  function.  A  vivid  analogy  to  this  kind  of  "reverse  genetics" 
is  to  imagine  a  scientific  milieu  in  Vi^ich  we  know  nothing  about  the  molecular 
biology  of  hanoglobin,  but  can  map  a  genetic  mutation,  v\^ich  causes  sickling 
of  red  blood  cells  and  anemia.  We  could  then  isolate  the  piece  of  DNA  responsi- 
ble for  these  effects,  and,  with  perseverance  and  luck,  identify  it  as  the  gene 
for  globin! 

It  is  precisely  in  the  area  of  correlating  a  genetic  lesion  with  loss  or 
disturbance  of  normal  function  that  the  two  newer  methodologies,  described 
below,  assume  their  iitportance.  Anti-sense  RNA  can  be  used  to  "turn  off"  or 
inhibit  a  specific  nucleotide  sequence  of  DNA  in  vivo  in  order  to  determine  how 
this  might  perturb  normal  cellular  functions.  In  contrast.  Dr.  Leonard  Lerman's 
method  for  producing  many  single  nucleotide  changes  in  a  well-defined  stretch 
of  DNA  offers  the  possibility  of  understanding,  in  great  detail  how  each  of 
hundreds  of  specific  small  cheinges  in  sequence  alters  function  in  a  well-known 
protein  such  as  globin,  or  a  more  poorly  understood  one  such  as  a  gene  affecting 
development . 

2.   "Cloning  of  Certain  DNA  Sequences,  Particularly  Useful  for  RFLP  Analysis, 
Requires  Mutant  E.  Coli  Hosts" 
ROl  GM  30467  (Wyman,  A.),  Massachusetts  Institute  of  Technology 

In  1980,  a  seminal  paper  by  Botstein,  White,  Skolnick  and  Davis  (Am.  J.  Human 
Gen.,  32,  319)  proposed  that  recombinant  DNA  technology  might  make  possible  the 
generation  of  a  linkage  map  of  the  human  genome.  To  develop  such  a  map,  one 
sirrply  follows  the  co-segregation  of  restriction  fragment  length  polymorphisms 
(RFLPs)  as  Mendelian  traits  in  families. 
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Usually,  a  sairple  of  human  DMA  is  digested  with  one  of  many  possible  bacterial 
ENA  restric±ion  enzymes.  The  huge  numbers  of  ENA  fragments  that  arise  are 
separated  by  gel  electrophoresis  and  transferred  to  a  nitrocellulose  filter 
vlhere  the  DNA.  digest  is  hybridized  to  a  radioactive  probe.  A  pattern  of  bands, 
representing  the  limited  number  of  DNA  fragments  that  hybridize,  is  visualized 
by  autoradiography. 

Polymorphisms  are  merely  genetic  differences  that  can  be  attributed  to  variation 
in  one  genetic  locus.  Exaitples  are  the  ABO  blood  groups,  or  certain  enzyme 
variants.  (The  difference  between  a  mutation  and  a  polymorphism  is  that  the 
former  is  a  rare  variant,  the  latter  is  a  set  of  variants,  each  of  which  is 
relatively  cotmon  in  a  population.)  Because  humans  have  two  sets  of  genes,  an 
individual  can  be  either  honozygous  (one  variant  seen)  or  heterozygous  (two 
variants  seen) .  Prior  to  the  development  of  the  BFLP  methodology,  there  were 
less  than  100  polymorphisms  in  humans  that  could  be  easily  detected  and  had 
enough  allelic  variation  to  be  useful  for  genetic  analysis.  Probably  the  most 
useful  of  these  continue  to  be  the  HLA  polymorphisms,  since  there  are  many 
variants,  at  each  of  several  genetic  loci.  Thus  a  random  individual  is  much  more 
likely  to  be  heterozygous  for  the  HLA  markers,  and  thus,  genetically  informative. 

Specific  RFLPs  are  defined  by  the  specific  probe  used  to  detect  them,  and  also 
by  the  particular  bacterial  restriction  enzyme  used  for  the  EWA  digestion.  The 
RFLPs  that  have  been  identified  to  date  fall  into  two  general  classes.  Rsr 
some  RFLPs,  only  two  alleles  (variants)  are  observed,  resulting  frcm  either  a 
single  base  pair  mutation,  or  a  single  deletion  or  insertion  event.  At  a 
different  set  of  loci,  multiple  alleles  are  observed,  as  a  result  of  multiple 
rearranganents.  Like  the  HLA  polymorphisms,  this  kind  of  locus  is  much  more 
useful,  since  individuals  are  more  likely  to  be  heterozygous  and  genetically 
more  informative.  In  1980,  Arlene  Wyman  and  Raymcnd  White  discovered  the  first 
locus  of  this  kind,  which  they  called  D14S1.  Over  12  alleles  were  observed  at 
this  one  locus,  making  it  an  outstanding  marker  for  genetic  analysis.  It  would 
be  of  tremendous  utility  if  more  such  markers  were  found,  since  the  more  usual 
pair  of  alleles  at  RFLP  loci  is  a  very  limiting  factor  in  constructing  and 
using  RFLP  maps.  HDwever,  very  few  exaitples  of  this  class  of  polymorphism 
could  be  defined  by  the  existing  probes. 

Wyman  recently  attenpted  to  clone  several  alleles  of  D14S1,  and,  in  the  process, 
discovered  that  the  available  probe  they  used  hybridized  to  a  region  of  human 
DNA  outside  of  the  hypervariable  region.  All  attenpts  to  clone  the  polymorphic 
region  itself  using  a  human  gencmic  DNA  library  failed.  She  then  recalled 
that,  in  1984,  the  laboratory  of  Dr.  Frank  Stahl  (GM  33677)  reported  that  OSIA 
containing  inverted  repeats  of  the  the  type  -TAGCGCTA-  which  can  loop  out  to 

-ATCGCGAT- 
forra  structures  such  as:      C — G 

G  C 

A  T 
T  A 

T  C 
C  G 
G — C 
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cannot  be  cloned  in  bacteriophage  lairbda  vectors  unless  reccxtibination-deficient 
bacteriophage  hosts  are  used. 

Wynan,  Wolfe  and  Botstein  follcwed  up  on  this  clue.  They  packaged  fragments  of 
human  EasiA  into  lambda  bacteriophage  in  vitro,  and  plated  this  mixture  of  viruses 
onto  a  strain  of  E.  coli  which  had  mutations  in  a  number  of  loci  needed  for 
recotibination  (Strain  DB  1170,  mutant  for  rec  B,  rec  C,  and  sbc  B) .  Ihey 
isolated  514  random  phages  containing  fragments  of  human  DNA,  and  tested  them 
for  their  ability  to  grow  on  normal  E.  coli.  Fully  nine  percent  of  these  phages 
would  not  grow  on  wild-type  strains  of  E.  coli.  Somehov,  the  presence  of 
certain  human  sequences  in  the  lambda  phage  is  toxic  to  wildtype  E.  coli.  (in 
the  sense  that  they  don't  support  phage  growth)  but  not  to  the  recatibination- 
deficient  strains.  Further  analysis  of  bacteriophages  vi*iich  could  grow  only  on 
recoaribination-deficient  mutants  revealed  that,  as  originally  suspected,  their 
carpi ement  of  human  DNA  included  inverted  repeats  200-500  base  pairs  long. 
Furthermore,  such  sequences  are  often  present  many  times  in  the  loci  specified 
by  these  probes.  The  presence  of  different  multiples  of  such  sequences  could 
account  for  the  large  numbers  of  alleles  seen  in  the  loci  specified  by  probes 
such  as  D14S1. 

Ihis  finding  may  be  very  relevant  to  the  fact  that  a  number  of  specific 
sequences  in  mammalian  DNA  have  proved  difficult  or  iiipossible  to  clone.  The 
most  striking  exanple  is  a  region  3 '  to  the  alpha-globin  locus .  This  region 
also  shows  a  very  high  degree  of  polymorphism,  similar  to  D14S1.  Similar 
sequences  are  found  in  the  5 '  flanking  region  of  the  insulin  gene.  The  results 
of  Dr.  Wyman's  research  suggest  strongly  that  there  is  a  connection  between  the 
inability  to  clone  certain  sequences  in  normal  E.  coli  hosts,  a  high  degree  of 
polymorphism  at  the  site,  and  the  presence  of  different  number  of  copies  of  an 
inverted  repeat  sequence.  It  searis  also  that  a  sizable  fraction  of  the  human 
genone  contains  such  sequences.  It  may  now  be  possible  to  clone  many  of  them 
using  recoribination-def  icient  hosts .  This  class  of  sequences  is  highly  polymor- 
phic and  thus  is  nost  useful  for  RFLP  mapping.  Thus  these  results  are  not  only 
of  intrinsic  interest,  but  represent  a  significant  contribution  of  bacterial 
genetics  to  the  emerging  technologies  and  strategies  to  map  the  human  genctne. 

3 .   "Rare  and  Toxic  Proteins  Under  Scrutiny" 

ROl  CM  21872  (Studier,  W.F.),  Brookhaven  National  laboratory 

DNA,  the  hereditary  material,  has  two  major  functions — coding  for  all  of  the 
proteins  needed  for  life  processes  and  replicating  itself  in  preparation  for 
cell  division  and  gamete  formation.  The  replication  process  has  proved  diffi- 
cult to  study  for  two  reasons.  First,  the  analysis  of  replication-deficient 
cells  is  not  easily  accoirplished  because  useful  mutants  are  very  rare;  pre- 
sumably, organisms  with  defects  in  the  replication  machinery  seldcm  survive.  A 
second  approach  to  studying  replication,  biochemical  analysis  of  replication 
proteins,  requires  that  sizable  quantities  of  the  proteins  can  be  isolated  and 
purified.  Replication  proteins  have  not  yielded  rapidly  to  biochemical  analysis 
because  they  are  very  rare — often  fewer  than  twenty  molecules  are  present  in 
each  cell. 
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The  bacteriophage  T7,  whose  genome  of  39,936  bases  codes  for  50  proteins,  has 
proven  a  useful  system  for  solving  these  problems.  TV  replicates  by  introduc- 
ing a  single  molecule  of  ENA  into  a  bacterial  cell,  whose  resources  are  then 
diverted  to  the  production  of  new  phage.  TV  is  very  efficient  and  prolific; 
as  many  as  250  new  phage  can  be  produced  in  13  minutes. 

TV  uses  seme  proteins  made  by  the  E.  coli  cell  to  reproduce  but  also  directs 
the  production  of  specific  TV  proteins  using  the  E.  coli  cell's  genetic  machin- 
ery (ribosomes,  transfer  RNAs,  amino  acids).  Inside  the  E.  coli  cell,  TV's 
products  perform  a  variety  of  functions.  Some  of  the  TV  gene  products  are 
involved  in  mobilizing  the  resources  of  the  bacterial  cell  following  infection. 
Others  break  down  bacterial  DMA  and  use  it  to  make  new  copies  of  TV  DMA.  Still 
others  package  new  TV  DMA  into  viral  particles.  Many  are  specifically  involved 
in  replicating  the  viral  genane. 

Using  reccmbinant  DNA  techniques.  Dr.  William  Studier  has  been  conducting 
systematic  analyses  of  replication  proteins  and  the  genes  which  code  for  them. 
He  initially  devoted  his  energy  to  cloning  and  mapping  the  TV  genome,  but  as 
the  cloned  genes  became  available.  Dr.  Studier  began  detailed  studies  of  speci- 
fic genes,  especially  genes  which  code  for  replication  proteins.  All  but  two 
TV  genes  have  now  been  cloned  and  mapped  and  await  further  characterization. 

Dr.  Studier  cloned  the  TV  genes  by  cutting  each  gene  from  the  genome  with 
appropiate  restriction  enzymes  and  inserting  each  into  a  suitable  vector, 
such  as  the  commonly-used  plasmid,  pBR322.  The  vector  is  capable  of  carrying 
the  gene  into  a  bacterial  cell,  where  it  can  direct  the  production  of  a  single 
protein.  Two  lines  of  experimentation  are  then  possible: 

1.  If  the  gene  can  be  "turned  on,"  the  bacterial  cell  can  becone  a  factory 
for  the  gene  product.  This  makes  it  possible  to  produce  large  amounts  of  a 
normally  rare  protein. 

2.  The  existence  of  a  bacterial  cell  that  produces  an  essential  viral 
gene  product  makes  it  possible  to  construct  and  maintain  viral  mutants  that 
are  totally  defective  in  specific  genes.  Ihe  defective  virus  can  grow  on  a 
bacterium  that  provides  the  missing  gene  product  but  not  on  any  other. 

Experiments  using  these  strategies  have  been  acccmplished  with  great  success 
in  many  laboratories;  however,  seme  proteins  have  proved  impossible  to  produce. 
For  example,  sane  gene  products  are  vital  to  cells  in  small  quantities  but  may 
be  toxic  in  larger  quantities.  Other  are  needed  for  TV  replication  but  are 
toxic  to  the  E.  coli  cell.  For  example,  TV  replication  enzymes  that  nick  OSIA 
may  degrade  the  E.  coli  chromosome  before  the  bacterium  can  reproduce. 
Dr.  Studier  needed  a  way  to  turn  on  and  turn  off  introduced  TV  genes  at  will. 
Ideally,  the  gene  under  study  could  be  turned  off  until  a  large  number  of 
copies  in  many  cells  were  made.  Then,  all  gene  copies  could  be  turned  on 
simultaneously  and  large  amounts  of  product  would  be  rapidly  produced. 

In  collaboration  with  Dr.  John  EXjnn,  Dr.  Studier  developed  a  simple  and  trac- 
table system  to  study  rare  and  toxic  proteins  of  TV.  Normal  TV  phage  produce 
their  own  RNA  polymerase,  which  is  capable  of  binding  to  a  DNA  sequence  called 
the  TV  RNA  polymerase  promoter.  Only  when  the  TV  RNA  polymerase  molecule 
binds  to  the  TV  prcxnoter  will  TV  genes  be  transcribed  and  expressed.   The  TV 
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protiDter  is  highly  specific  for  T7  RNA  polymerase;  RNA  polymerase  from  other 
phage  or  bacteria  is  ineffective.  Dr.  Studier  and  Ct.  IXinn  managed  to  link 
the  gene  of  interest,  the  vector  to  carry  the  gene  into  the  cell,  and  the  T7 
RNA  polymerase  pranoter,  as  follows: 


TV  RNA  polymerase  promoter 


VECTOR       /  \    gene 


The  plasmid  containing  the  structural  gene  and  the  T7  RNA  polymerase  prcsTKDter 
is  inserted  into  an  E.  coli  cell,  where  the  plasmid  rapidly  begins  to  replicate. 
However,  the  structual  gene  is  silent  (not  actively  transcribed)  until  TV  RNA 
polymerase  binds  to  the  pratioter  and  activates  transcription.  This  system 
allows  Dr.  Studier  to  make  many  silent  copies  of  a  specific  cloned  gene,  which 
he  can  then  turn  on  at  will  by  adding  TV  RNA  polymerase. 

Dr.  Studier  is  using  this  system  to  produce  large  quantities  of  TV  replication 
proteins,  which  he  can  then  study  biochemically.  A  good  example  of  the  success 
of  this  approach  is  his  recent  work  on  TV  gene  3.  The  product  of  gene  3  is 
needed  for  efficient  TV  replication,  for  degradation  of  E.  coli  CNA  during 
infection,  and  for  genetic  recombination.  Large  amounts  kill  host  cells  by 
degrading  their  DNA,  so  obtaining  sufficient  amounts  to  study  has  been  diffi- 
cult. Using  the  system  described  above.  Dr.  Studier  successfully  isolated 
enough  gene  3  product  for  detailed  study. 

In  collaboration  with  Drs.  Bernard  de  Massey  and  Robert  Weisberg  at  NIH, 
Dr.  Studier  found  that  gene  3  product  is  an  endonuclease  which  cuts  at  speci- 
fic structural  sites  in  DNA.  The  scientists  constructed  a  DNA  substrate  con- 
taining a  palindrcxnic  sequence,  that  is,  a  sequence  which  is  repeated  in 
reverse  such  as  the  one  shown  below: 


—GAAATC GATTTC— 

—CTTTAG CTAAAG— 
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In  vitro,  such  sequences  readily  form  cruciform  structures,  in  v^ich  the  repeats 
pair  as  shewn: 

r\ 

C  G 
T  A 
AT 
A  T 
A  T 
G     C 

C  G 

T  A 

T  A 

T  A 

A  T 

G  C 

Cruciform  structures  are  thought  to  be  intermediate  structures  in  the  process 
of  recoiibination.  In  the  test  tube,  gene  3  product  effectively  ranoves  cruci- 
form structures  fran  the  DMA  by  clipping  the  DNA  strand  at  each  branch  site. 
In  the  living  cell,  gene  3  protein  is  necessary  for  successful  reccrribination 
and  replication,  presumably  because  it  allows  the  stresses  on  the  DNA  to  be 
relieved. 

Although  it  is  not  the  only  system  for  isolating  rare  proteins.  Dr.  Studier's 
system  nay  prove  very  useful  to  researchers  in  several  areas.  The  T7  RNA 
polymerase  prcmoter  system  has  been  used  only  for  T7  and  E.  coli  genes;  however, 
it  is  likely  to  prove  valuable  for  other  groups  of  genes  as  well.  The  possibil- 
ity of  studying  very  rare  proteins  vv^ich  affect  inportant  cell  functions  is 
very  exciting.  The  goal  of  isolating  and  characterizing  rare  human  proteins 
by  this  method  is  still  in  the  future;  however,  studies  such  as  Dr.  Studier's 
suggest  how  it  could  be  done.  The  next  step  toward  that  goal — expressing 
eukaryotic  genes  attached  to  the  TV  RNA  polymerase  prairater — is  now  being 
undertaken.  Dr.  Studier's  primary  interest  is  still  T7  DNA  replication,  but  his 
work  has  led  to  development  of  a  useful  technique  for  scientists  in  many  areas 
of  study.  It  is  a  good  exanple  of  how  basic  research  in  a  seoningly  narrow 
field  can  lead  to  important  developments  in  many  areas. 

4.   "Anti -sense  Messenger  RNA  Makes  Sense  for  Inhibiting  Gene  Expression" 

ROl  GM  26176  (Weintraub,  W7Y,     Fred  Hutchinson  Cancer  Research  Center 
ROl  GM  32921  (Melton,  D. ) ,  Harvard  University 

Geneticists  who  want  to  knew  vAiat  product  a  gene  makes  or  to  understand  how  the 
activity  of  a  gene  is  regulated  frequoitly  search  for  naturally  occurring  muta- 
tions or  attenpt  to  induce  mutations  in  the  gene  of  interest.  This  approach 
has  worked  ronarkably  well  for  Drosophila  but  has  been  less  successful  in  organ- 
isms such  as  frogs  or  mice.  Recently,  investigators  have  begun  to  develop 
strategies  that  may  circumvent  this  difficulty.  Initial  results  from  two  labor- 
atories suggest  that  it  may  soon  be  possible  to  turn  off  the  expression  of 
specific  genes  in  cells  of  higher  organisms,  thereby  mimicking  the  effect  of  a 
gene  mutation. 
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EMA,  is  a  double-stranded  molecule.  Fran  one  strand  (the  coding,  or  sense, 
strand)  is  transcribed  the  messenger  PNA  (mRNA),  v*iich  is  then  translated  to 
produce  a  protein.  The  ccrrplementary  strand,  referred  to  as  the  anti-sense 
strand,  is  not  ordinarily  transcribed  into  mRNA  because  it  does  not  have  a 
promoter  sequence,  needed  for  proper  transcription,  in  the  correct  location. 

Drs.  Jonathan  Izant  and  Harold  Weintraub  reasoned  that  the  anti-sense 
strand  of  mRNA  should  bind  to  the  normal  mRNA  and  block  its  ability  to  be 
translated  into  protein.  This  inhibition  of  translation  should  have  an  effect 
similar  to  that  of  a  gene  mutation  v\tiich  reduces  or  ccnpletely  prevents  synthesis 
of  its  protein  product.  To  test  this  idea,  it  was  necessary  to  construct  a 
gene  in  vAiich  the  anti-sense  strand  of  DNA  is  able  to  be  transcribed  into  mRNA. 
This  was  done  by  isolating  the  coding  region  of  the  cloned  Herpes  siitplex  virus 
thymidine  kinase  (TK)  gene  and  reinserting  it  into  a  plasmid  in  the  inverted 
orientation,  with  the  pronoter  in  front  (at  the  5'  end)  of  the  anti-sense  DNA 
strand.  When  such  a  plasmid,  \AJiich  they  named  KFll,  is  introduced  into  a  cell, 
the  pronoter  directs  transcription  of  the  anti-sense  strand. 

Drs.  Izant  and  Weintraub  next  injected  copies  of  a  plasmid  containing  the 
normal  TK  gene  into  mouse  L  cells  \«^icii  lacked  a  functional  TK  gene.  The 
injected  gene,  if  it  is  active,  should  direct  the  synthesis  of  the  TK  enzyme. 
Approximately  40  percent  of  the  injected  cells  showed  TK  activity.  However, 
when  a  large  excess  of  KFll  plasmids  containing  the  anti-sense  TK  gene  was 
injected  along  with  the  plasmids  containing  the  normal  TK  gene,  there  was  a 
four-fold  reduction  in  the  number  of  cells  expressing  TK.  Furthermore,  cells 
still  expressing  TK  had  lower  levels  of  activity.  Control  experiments  ruled 
out  the  possibility  that  the  pronoter  linked  to  the  anti-sense  gene  competed 
with  the  pronoter  of  the  normal  gene  for  factors  required  for  transcription. 
Other  studies  shewed  that  normal  and  anti-sense  TK  genes  did  not  undergo  signi- 
ficant recoribination  between  thanselves  that  might  lead  to  inactivity  of  the 
normal  TK  gene. 

Inhibition  by  anti-sense  mRNA  is  of  limited  utility  if  it  functions  only  for 
genes  introduced  at  the  same  time  as  the  inhibitor.  It  would  be  much  more 
valuable  to  be  able  to  inhibit  the  subsequent  appearance  of  a  gene  product  by 
preloading  a  cell  with  anti-sense  mRNA.  Drs.  Izant  and  Weintraub  therefore 
trans fected  KFll  plasmids  into  the  cytoplasm  of  mouse  L  cells.  Cells  vAiich 
integrated  copies  of  the  anti-sense  genes  into  their  chronosones  showed  a  re- 
duced capacity  to  express  normal  TK  genes  VN^iich  were  injected  into  the  nucleus 
later.  This  experiment  showed  that  the  anti-sense  genes  could  becone  stably 
integrated  into  the  host  cells  and  presumably  continue  to  make  the  inhibitory 
anti-sense  mf?NA. 

Dr.  Douglas  Melton,  using  a  slightly  different  approach,  also  demonstrated  the 
ability  of  anti-sense  mRNA  to  inhibit  expression  of  a  specific  gene.  His 
method  involved  synthesizing  anti-sense  miRNA  in  vitro  and  then  injecting  it 
into  the  cytoplasm  of  frog  oocytes.  A  cloned  piece  of  the  Xenopus  -globin 
gene  was  linked  to  a  pronoter  fron  Salmonella  phage  so  that  only  the  sense  or 
anti-sense  strand  of  DNA  would  be  transcribed  in  vitro.  Oocytes  were  injected 
with  the  resulting  anti-sense  mRNA  for  f  -globin  and  incubated  for  five  hours 
before  receiving  an  injection  of  normal/* -globin  mRNA.  When  Dr.  Melton  measured 
the/* -globin  protein  that  was  synthesized  after  a  further  five  hour  incubation, 
he  observed  that  the  anti-sense  mI?NA  ccnpletely  blocked  translation.   The 
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inhibition  was  specific,  since  general  protein  synthesis  was  not  disrupted,  and 
injection  of  anti-sense  histone  iriRNA  did  not  prevent  synthesis  of  fi  -globin 
protein  in  cells  injected  with  /''-globin  mRNA. 

Dr.  Melton  further  showed  that  the  blocking  of  translation  is  due  to  hybridi- 
zation, or  binding,  of  the  anti-sense  /*  -globin  mRNA  to  the  normal  -globin 
mRNA.  The  anti-sense  mRNA  appears  to  be  relatively  stable  in  the  cytoplasm  as 
long  as  the  molecules  are  "capped",  or  contain  a  special  guanine  residue  at  the 
5'  end  of  the  sequence. 

Interestingly,  for  the  anti-sense  mRNA  to  block  translation,  it  only  needs  to 
hybridize  to  the  5'  end  of  the  normal  mRNA,  the  region  vv^ere  translation  is 
initiated.  Anti-sense  mRNA  vvhich  hybridizes  to  other  portions  of  the  mRNA  is 
not  effective  in  inhibiting  translation.  Taken  together,  these  results  indi- 
cate that  anti-sense  mRNAs  block  initiation  of  protein  synthesis  but  not  elong- 
ation of  the  protein. 

The  value  of  anti-sense  mRNA  as  a  tool  for  genetic  analysis  will  becane  clearer 
v^en  additional  genes  and  other  recipient  cell  types  are  examined.  So  far, 
however,  the  results  frcm  Drs.  Izant  and  Weintraub  and  fran  Dr.  Melton  suggest 
that  anti-sense  RNA  may  provide  new  ways  to  analyze  cellular  functions  associated 
with  specific  DNA  sequences.  Yor  exaitple,  anti-sense  mRNAs  could  help  charac- 
terize genes  that  have  regulatory  roles  during  differentiation.  Second,  anti- 
sense  RNA  could  help  identify  the  functions  of  untranslated  RNAs,  such  as  small 
nuclear  RNAs.  Third,  by  blocking  their  translation,  anti-sense  iriRNA  could  help 
explain  the  role  of  maternal  mRNAs  which  are  present  in  the  cytoplasm  of  oocytes 
and  which  direct  almost  all  protein  synthesis  during  the  earliest  stages  of 
embryogenesis .  Fourth,  anti-sense  mRNA  might  be  capable  of  inhibiting  the 
activation  of  cellular  genes  induced  by  viruses,  raising  the  possibility  that 
specific  anti-sense  mRNAs  could  have  therapeutic  value  in  modulating  the  course 
of  viral ly-induced  infection  or  carcinogenesis.  And  finally,  in  conjunction 
with  gene  replacement  therapy,  anti-sense  mRNA  might  be  useful  in  shutting  off 
expression  of  defective  genes. 

5.   "A  General  Method  for  the  Detection  of  Single  Base  Substitutions  in  DNA" 
ROl  (M.   39095  (Lerman,  L.S.),  Genetics  Institute;  Boston,  MA 

Information  about  the  variability  of  TMk  sequences  in  eukaryotic  genones  has 
been  generated  at  a  dramatic  rate  during  the  last  few  years.  The  advent  of 
recombinant  DNA  technology  has  provided  the  tools  to  detect  and  analyse  many 
genetic  mutants  and  polynrarphisms  at  the  \Mh  level.  A  particularly  informative 
technique  has  been  the  use  of  restriction  enzymes  to  detect  single  base  cJianges 
in  the  EasiA  sequence.  This  procedure  relies  upon  the  ability  of  a  restriction 
enzyme  to  recognize  and  cleave  DNA  at  a  particular  site.  When  a  base  change 
occurs  within  the  restriction  enzyme  cleavage  site,  the  enzyme  is  no  longer 
able  to  recognize  and  cleave  the  DNA.  The  failure  of  the  enzyme  to  cleave  the 
XMK  can  be  detected  by  gel  electrophoresis.  This  technique  has  been  used 
extensively  to  reveal  numerous  polymorphisms  in  the  human  genome.  It  is 
limited,  however,  because  the  base  change  must  fall  within  the  recognition 
sequence  for  a  restriction  enzyme  and  a  radioactive  probe  must  be  available 
for  the  detection  of  each  base  change.  Thus,  for  a  disorder  such  as 
^-thalassemia,  v\^ere  22  different  single  base  changes  have  been  identified, 
a  large  number  of  probes  would  be  needed  for  diagnosis. 
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Another  method  to  detect  mutations  or  polymorphisms  is  to  use  SI  nuclease 
digestion  of  double-stranded  DNA  formed  between  a  mutant  and  wild-type  se- 
quence. SI  nuclease  is  a  single  strand  specific  nuclease.  Double-stranded 
duplexes  formed  between  the  wild  type  and  mutant  nsiA  will  be  single-stranded 
at  the  point  of  the  base  substitution.  This  is  caused  by  the  inability  of  the 
substituted  base  to  pair  with  the  wild  type  base.  In  this  case,  the  mismatch 
is  cleaved  by  the  enzyme  and  the  double  stranded  duplex  separated  by  elec- 
trophoresis, revealing  shorter  EWA  fragments  in  the  mutant  EasiA..  Application 
of  this  method  is  also  limited  because  only  certain  base  mismatches  are 
cleaved  by  SI  nuclease. 

Dr.  Leonard  Lerman  at  the  Genetics  Institute  has  been  developing  a  method  that 
may  be  more  widely  applicable  for  detecting  single  base  changes  than  those 
mentioned  above.  This  method  is  based  on  the  knowledge  that  short  duplexes  of 
DNA  formed  frcm  mutant  and  wild  type  DNA  migrate  more  slowly  during  electropho- 
resis in  a  gel  matrix  containing  urea  and  formamide  than  do  native  duplexes. 
The  theoretical  basis  for  the  method  stems  fron  the  differing  stability  of  DNA 
base  pairs  in  increasing  concentrations  of  urea  and  formamide. 

The  dissociation  of  DNA  strands  at  elevated  tenperature  or  in  high  urea  concen- 
trations is  called  "melting",  a  process  during  v^hich  the  DNA  strands  begin  to 
unravel.  The  point  at  v^Mch  any  given  stretch  of  DNA  melts  is  determined  by  the 
base  corposition  of  that  stretch.  Thus,  different  stretches  of  DNA  will  melt  at 
different  urea/ formamide  concentrations.  When  the  duplex  melts,  it  beccmes  more 
randcmized  in  structure,  and  its  progress  through  the  gel  in  an  electric  field 
is  slewed  or  stopped.  Surprisingly,  the  substitution  of  a  single  base  pair  in 
the  least  stable  part  of  the  DNA  fragment  (usually  the  first  150  bp)  introduces 
enough  perturbation  in  the  stability  of  the  fragment  to  affect  its  electropho- 
retic  mobility  in  a  gel  of  increasing  urea  concentration. 

In  practice,  E^JA  with  a  single  base  substitution  is  digested  with  a  restriction 
enzyme,  denatured  and  reannealed  with  a  radioactively  labelled  piece  of  wild 
type  DNA  to  form  a  heteroduplex.  This  ENA  preparation  is  electrophoresed  in  a 
gradient  of  urea,  vjhere  the  mismatched  piece  of  DNA  begins  to  melt  and  is 
retarded  in  its  migration  through  the  gel.  Every  base  substitution  that  Dr. 
Lerman  has  tested,  up  to  base  144  or  146  in  a  536  base  pair  fragment  of  DNA, 
has  shown  altered  mobility  under  these  conditions.  The  difficulty  with  detec- 
tion of  changes  beyond  base  144  appears  to  be  due  to  the  high  melting  tenperature 
of  the  DNA  in  the  more  stable  regions.  Melting  of  the  DNA  in  this  region 
results  in  corplete  strand  dissociation  and  therefore  loss  of  resolving  power 
of  the  gel. 

These  results  suggest  that  a  substitution  is  detectable  if  it  falls  in  the  less 
stable  region  of  the  DNA.  Recently,  Dr.  Lerman,  in  collaboration  with  menibers  of 
Dr.  Tom  Maniatis'  laboratory,  has  used  an  elaborate  tactic  b^'  \A^ch  95  percent 
of  all  DNA  can  be  analyzed  for  single  base  substitutions.  The  single-stranded 
target  DNA  was  subjected  to  conditions  of  severe  chemical  mutagenesis  resulting 
in  base  substitutions  in  10  to  20  percent  of  the  treated  DNA  fragments.  A  primer 
was  annealed  to  the  DNA  and  a  second  DNA  strand  synthesized  to  form  a  DNA  duplex. 
The  double  stranded  DNA  was  cleaved  by  restriction  enzymes,  inserted  into  a  DNA 
vector  containing  a  "G-C  clamp"  and  aitplified.  The  G-C  clanp  is  a  guanosine- 
cytosine  (G-C)  fragment  (\«hich  melts  at  a  very  high  urea  concentration)  inserted 
next  to  the  target  sequence  to  prevent  conplete  strand  dissociation  as  the  f  rag- 
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merit  proceeds  through  the  gel.  After  the  plasmid  was  aitplified,  the  target  DNA 
plus  G-C  clanp  was  excised  and  subjected  to  electrophoresis  on  a  preparative  urea 
gradient  gel  to  separate  the  mutant  and  wild  type  DNA.  fragments.  The  individual 
fragments  were  then  isolated  and  sequenced.  The  application  of  this  procedure 
to  the  ^-globin  promoter  region  resulted  in  the  isolation  and  sequencing  of  a 
large  number  of  fragments  containing  single  base  substitutions. 

A  unique  feature  of  this  work  is  the  ability  of  urea  gel  procedure  to  recover 
many  DNA  fragments  containing  different  single  base  substitutions  rather  than 
just  a  single  fragment.  Severe  mutagenesis  conditions  producing  a  large  number 
of  molecules  containing  base  changes  are  not  generally  used  because  of  concern 
about  the  viability  of  the  vector  ESSIA  in  v\hich  target  DNA  resides.  To  avoid 
this  problem,  Drs.  Lerman  and  Maniatis  have  excised  the  mutagenized  target  DNA 
after  treatment  and  reinserted  it  into  a  viable  vector  for  artplification. 
This  strategy  yields  an  array  of  fragments  with  single  base  substitutions  at 
most  sites  along  the  DNA  strand  (called  saturation  mutagenesis). 

Dr.  Lerman  points  out  that  the  separation  technique  vrorks  best  vvhen  the  muta- 
genized strand  is  reassociated  with  wild  type  DNA,  producing  a  highly  unstable 
mismatch.  For  exarrple,  a  base  substitution  that  has  a  minor  effect  on  ESsIA 
duplex  stability  may  be  difficult  to  separate  fron  the  rest  of  the  DNA. 
However,  if  it  is  duplexed  with  wild  type  DNA,  the  resulting  mismatch  at  the 
base  substitution  will  make  the  molecule  less  stable  and  it  will  be  more  clearly 
separated  frcm  the  other  DNA  on  the  gel. 

Dr.  Lerman  estimates  that  95  percent  of  all  DNA  sequences  should  be  accessible 
for  analysis  using  this  method  or  modifications  of  it.  It  will  allow  detection 
of  mutations  by  a  relatively  straightforward  procedure  aiding  in  the  diagnosis 
of  various  genetic  diseases.  In  cotibination  with  the  saturation  mutagenesis 
treatment,  scientists  will  be  able  to  isolate  large  numbers  of  fragments  con- 
taining different  base  substitutions  for  use  in  functional  analysis  of  different 
DNA  regions.  Analysis  of  the  v^^ole  human  gencme  on  two  dimensional  gels  would 
be  possible  in  theory  if  there  were  gels  capable  of  resolving  and  displaying 
over  a  million  spots  I  For  the  present.  Dr.  Lerman  is  concentrating  his  analysis 
on  the  globin  gene. 


B.  Developmental  Genetics 
1.  Overview 

Since  differentiation  is  the  basis  of  all  multicellular  life, 
its  eventual  elucidation  is  now  a  prime  goal  of  modem  biology. 
Until  very  recently,  it  was  largely  studied  as  an  isolated 
subject,  apart  frcm  modem  genetic  or  biochanical  ideas. 
Now,  hcwever,  it  is  clear  that  the  morphological  tools  of 
the  classical  embryologist  ceinnot  give  satisfying  answers. 
Instead,  as  in  genetics,  the  fundamental  answers  must  lie  at 
the  molecular  level.  The  parallel  with  modem  genetics  may, 
in  fact,  be  very  close,  since  atibryologists  now  believe 
that  many  of  the  basic  control  mechanisms  that  fix  a  cell's 
potential  chemical  reactions  act  at  the  level  of  the  gene. 
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Thus  the  recent  advances  v*iidh  "have  made  aspects  of  biochemistry 
and  genetics  indistinguishable  may  hopefully  enccrrpass  the 
exciting  aspects  of  embryology  in  the  near  future. 

J.D.  Watson:  Molecular  Biology  of  the  Gene,  First  Edition  (1965) 


Watson's  prophetic  words,  written  in  1965,  and  anticipating  a  new  sort  of 
embryology  based  on  the  molecular  biology  of  the  gene,  began  to  cone  true  in 
the  eighties.  In  the  exanples  belcw,  two  of  the  best  model  systems — ^nonatodes 
and  fruit  flies — are  utilized.  Mutations  are  described  v\^ich  alter  development 
both  in  space  (i.e.  hcmeotic  mutants  vshich  determine  the  developmental  fate  of 
specific  body  segments  in  Drosophila)  and  in  time  (heterochronic  mutants, 
which  speed  up  or  slow  down  the  pre-programned  development  of  certain  cell 
types  during  eiribryogenesis  in  nematodes). 

The  work  described  here  depended  heavily  on  the  development  of  new  scientific 
technologies,  sane  of  vhich  were  discussed  in  Section  A.  In  particular,  the 
nanatode  work  rested  heavily  on  new  and  sophisticated  interference  microscopy 
methods  to  trace  normal  or  aberrant  develop:nent  of  one  egg  through  each  of  hun- 
dreds of  different  cell  divisions,  to  the  adult  organism,  ccitposed  of  approxi- 
mately 1,000  cells.  In  turn,  the  study  of  the  developmental  mutants  of  nematodes 
has  provided  hints  about  the  mechanism  of  morphological  change  and  morphological 
plasticity,  not  only  in  the  development  of  the  individual  organism,  but  also 
at  the  level  of  evolution  of  diversity  of  biological  form. 

Drosophila  developmental  genetics  initially  relied  on  cytogenetics  to  roughly 
localize  the  position  of  various  genes.  The  tools  of  chrcmoscme  walking  and 
rapid  nucleotide  sequencing  are  new  utilized  to  extend  this  work  to  a  far 
finer  level  of  resolution.  An  exciting  spin-off,  detailed  below,  is  the  emer- 
ging knowledge  that  parts  of  the  developnental  sequences  studied  in  Drosophila 
have  roTiained  invariant  during  evolution  in  animals,  and  are  seen  in  DNA  frcm 
yeast,  frogs,  mice  and  humans. 

Why  are  fruit  flies  and  nonatodes  so  successful  as  model  systens  for  the  study 
of  behavioral  and  developmental  genetics?  It  is  because,  from  the  geneticist's 
point  of  view,  they  are  intermediate  in  size  and  genetic  and  morphological 
carpi exity  between  the  "easy  and  less  interesting"  organisms,  such  as  E.  coli 
or  yeast,  and  the  "very  difficult  and  very  interesting"  organisms  such  as  mice 
and  humans.  They  are  coiplicated  enough  to  exhibit  a  fairly  carplex  repertoire 
of  behavior  and  development.  However,  they  are  small  enough  to  be  grown  in 
enormous  numbers,  so  that  interesting  but  rare  mutants  can  be  isolated.  This 
intermediate  level  of  caiplexity  is  reflected  in  the  genone  size  of  Drosophila . 
Each  (haploid)  cell  of  Drosophila  contains  40  times  as  much  DNA  (165,000  kilo- 
base-pairs,  kb)  as  E.  coli  (4,000  kb),  yet  it  contains  17  times  less  DNA  than  a 
human  cell  (2.9  million  kb) . 


2.   "Opening  the  Homeo  Box  in  Vertebrates" 

ROl  GM  09966  (Ruddle,  F.),  Yale  University 

The  bodies  of  insects  are  divided  into  segments.  Drosophila ,  for  exanple,  are 
ccjtposed  of  a  head,  three  thoracic  segments,  and  nine  abdcrainal  segments.   It 


69 


has  long  been  known  that  in  Drosophila,  as  in  other  insects,  mutations  occur  in 
v^ich  a  part  of  a  segment  or  an  entire  segment  is  transformed  into  a  different 
segment.  For  exaitple,  certain  mutants  have  their  third  thoracic  segment  trans- 
formed into  a  second  thoracic  segment.  Since  the  second  thoracic  segment  nor- 
mally bears  wings,  a  fly  with  an  extra  second  thoracic  segment  will  have  two 
sets  of  wings.  Mutations  causing  this  type  of  ananaly  are  called  hcmeotic 
mutations  and  define  sets  of  genes  (hcmeotic  genes)  which  are  required  to 
specify  the  correct  pattern  of  each  segment  during  developnent  of  the  fly. 

Frcm  genetic  crosses,  it  is  known  that  the  many  hcmeotic  genes  in  Drosophila 
are  not  randcmly  distributed  on  the  chratrascmes ,  but  rather  are  arranged  in  two 
distinct  clusters.  One  cluster,  called  the  antennapedia  ccnplex,  controls 
developnent  of  the  anterior  part  of  the  animal,  and  the  other  cluster,  the  bi- 
thorax  ccaiplex,  controls  the  posterior  part.  A  major  advance  in  our  understand- 
ing of  hcmeotic  genes  occurred  in  1983,  vihen  investigators  in  the  laboratories 
of  Thcmas  Kaufinan  (GM  24299)  and  David  Hogness  (GM  31409)  mapped  the  two  gene 
ccxtplexes.  Following  the  mapping  of  these  chratioscmal  regions,  it  was  dis- 
covered that  a  highly  conserved  nucleotide  sequence  is  present  in  as  many  as 
ten  of  the  genes  in  the  antennapedia  and  bithorax  ccHxplexes.  This  sequence, 
named  the  honeo  box,  is  180  base  pairs  in  length.  Frcm  the  DNA  sequence  of  the 
hcmeo  box,  investigators  deduced  that  it  probably  codes  for  a  protein  whose 
characteristics  resemble  those  of  nsiA-binding  proteins.  The  product  of  the 
hcmeo  box  may  therefore  interact  with  DNA  to  regulate  the  expression  of  other 
genes.  This  is  in  accord  with  the  idea  that  honeotic  genes  serve  as  a  set  of 
switches  which  choose  among  a  variety  of  cell  fates.  RNA  transcripts  and 
protein  products  of  hcmeo  box-containing  genes  have  been  found  in  cell  nuclei 
in  a  stage-specific  and  cell  type-specific  manner  in  developing  Drosophila 
embryos . 

Once  the  Drosophila  hcmeo  box  sequence  was  cloned,  it  was  natural  for  investiga- 
tors to  search  for  similar  regions  in  the  gencmes  of  other  organisms.  This  is 
easily  done  by  the  method  of  Southern  blotting,  in  v\hich  DNA  frcm  an  organism 
is  partially  digested  and  the  resulting  pieces  are  electrophoretically  separated 

on  agarose  gels.  A  replica  of  the  gel  is  transferred  to  a  nitrocellulose 
filter,  vAiich  is  then  reacted  with  a  radioactively  labeled  hcxneo  box  sequence. 
This  sequence  will  only  hybridize  to  pieces  of  TMh  on  the  filter  that  contain 
similar  sequences.  Because  the  honeo  box  probe  is  radioactive,  the  pieces  of 
DNA  to  which  it  binds  can  be  detected.  Using  this  approach,  hcmeo  boxds  have 
been  discovered  in  toads,  mice,  earthworms,  chickens,  and  man. 

Considerable  attention  has  been  focussed  recently  on  determining  the  role  of 
hcmeo  boxes  in  vertebrates.  The  extreme  conservation  of  hcmeo  boxes  among 
different  species  (70-90  percent  honologous  at  the  protein  level)  inplies  a 
ccmmon  role  in  development.  Many  researchers  in  this  area  note  that  all  the 
animals  that  appear  to  contain  hcmeo  boxes  pass  through  a  developmental  stage 
vhen  the  body  is  ccnposed  of  a  linear  series  of  segmental  units.  For  exartple, 
all  vertebrate  embryos  contain  Semites  frcm  which  the  basic  organization  of  the 
skeleton,  nervous  system,  and  musculature  is  derived.  Other  researchers,  how- 
ever, suggest  that  the  hcmeo  boxes  in  vertebrates  may  code  for  a  regulatory 
el  orient  that  has  nothing  to  do  with  pattern  formation,  or  even  that  they  may 
serve  as  a  "tag"  to  target  proteins  to  their  correct  location  in  a  cell. 
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Among  the  investigators  trying  to  determine  the  role  of  vertebrate  honeo  boxes 
are  Dr.  Frank  Ruddle  and  his  associates.  They  reasoned  that  if  the  location 
of  hcmeo  boxes  relative  to  other  genes  on  the  chrcmosomes  of  different  species 
is  similar,  their  functions  might  also  be  similar,  and  this  relationship  might 
suggest  a  role  for  them.  They  therefore  mapped  the  locations  of  hcmologous 
honeo  box  regions  on  human  and  itouse  chromosanes ,  using  as  probes  cloned  human 
and  mouse  honeo  box  sequences  along  with  long  sequences  that  flank  the  honeo 
boxes.  They  mapped  the  mouse  sequence  to  chronosone  11  and  the  human  sequence 
to  a  region  on  chromosone  17  between  bands  qll  and  q22.  Other  honeo  boxes  are 
present  on  other  chronosones,  but  these  contain  different  flanking  sequences 
and  therefore  are  not  detected  by  the  particular  cloned  probes  that  were  used. 

Previous  coiparative  mapping  of  mouse  chronosone  11  and  human  chronosone  17  had 
revealed  that  several  other  genes  are  shared  between  those  two  locations.  For 
exanple,  the  genes  for  galactokinase  and  thymidine  kinase  are  closely  linked  to 
the  honeo  box  loci  in  both  mouse  and  human.  These  observations  were  independent- 
ly confirmed  by  a  second  group  of  investigators. 

Of  interest  in  these  findings  is  the  fact  that  in  the  mouse  the  gene  for  short- 
tail  is  located  on  chronosone  11.  Heterozygotes  for  the  short-tail  gene  have 
skeletal  abnormalities  v^^icdi  are  apparently  the  result  of  abnormal  pattern  for- 
mation. These  include  vertebral  fusions,  bilateral  asymmetry  of  limb  length, 
and  an  extra  pair  of  ribs.  Mapping  at  higher  resolution  will  be  required  to  de- 
termine if  this  gene  defect,  v\^ich  resembles  a  homeotic  mutation,  is  coincident 
with  the  honeo  box  locus  on  chronosome  11.  If  so,  it  would  be  tenpting  to  specu- 
late that  genes  associated  with  several  human  vertebral  segmentation  defects 
might  be  located  near  the  honeo  box  on  human  chronosone  17. 


3.   "For  Nematodes,  It's  a  Matter  of  Time" 

ROl  GM  24663  and  ROl  GM  24943  (Horvitz,  R.H.),  Massachusetts  Institute 
of  Technology 

Normal  developnent  of  multicellular  organisms  fron  a  single  fertilized  egg  cell 
depends  on  the  correct  timing  of  specific  developmental  events,  such  as  the 
division  of  cells,  their  differentiation  to  perform  specialized  functions,  and 
their  migration  fron  one  place  to  another.  Development  of  a  structure  at  an 
inappropriate  time  relative  to  the  developnent  of  the  rest  of  the  organism 
could  have  serious  consequences  for  the  organism.  Although  one  would  expect 
developmental  timing  to  be  controlled  by  genes,  there  has  been  little  direct 
evidence  for  the  existence  of  such  genes.  Now,  thanks  to  its  special  properties, 
the  nonatode  Caenorhabditis  elegans  is  providing  information  about  genes  that 
control  tarporal  patterns  of  developnent. 

C .  elegans  is  a  small,  transparent  roundworm  with  a  life  cycle  of  3.5  days,  and 
it  consists,  at  maturity,  of  approximately  1000  sonatic  cells.  As  a  result  of 
painstaking  work  in  several  laboratories,  every  cell  division,  cell  death,  and 
cell  migration  that  occurs  to  generate  the  onbryonic,  then  the  larval,  and  final- 
ly the  adult  form  of  C .  elegans  has  been  traced.  Ihese  studies  denonstrated 
that  cell  lineages  are  nearly  invariant  fron  one  normal  worm  to  another.  Obser- 
vations on  living  worms  by  Nbnarski  optics,  therefore,  allow  corparison  of 
developnent  of  individual  cells  in  normal  and  mutant  worms. 
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Several  years  ago,  Dr.  H.  Robert  Horvitz,  in  collaboration  with  Drs.  John 
Sulston  and  Martin  Qialfie  at  the  MRC  in  England,  identified  a  mutation  in  C. 
elegans  v\^ich  causes  sane  sonatic  cells  to  repeat  larval  division  patterns  at  a 
time  Vi^en  they  should  have  stopped  dividing  to  form  adult- type  cells.  At 
that  time,  they  named  the  mutant  lin-4  (lin=lineage) .  It  was  recognized  later 
that  the  lin-4  mutation  is  heterochronic,  which  means  that  it  causes  abnormal 
timing  in  the  development  of  certain  structures.  Because  one  abnormality 
associated  with  the  lin-4  mutation  is  defective  egg-laying.  Dr.  Victor  Artibros 
and  Dr.  Horvi.tz  examined  other  egg- laying  rrutants  to  determine  if  they  might 
also  shov  alterations  in  developmental  timing.  Drs.  Artibros  and  Horvitz  have 
recently  reported  the  discovery  of  other  mutants,  leading  to  the  identifica- 
tion of  three  new  heterochronic  genes,  lin-14  located  on  the  x-chraroscme, 
lin-28  en  chrcanosome  1,  and  lin-29  on  chrcsnosome  2. 

t'lutations  of  lin-14  affect  developnent  in  two  opposing,  and  some^^hat  paradoxi- 
cal, ways.  Dcminant  mutations  retard  development  by  altering  the  fates  of 
certain  cells  so  that  they  repeat  the  lineage  of  tlieir  precursors  instead  of 
generating  more  advanced  lineages.  Recessive  lin-14  mutations  accelerate 
developnent  in  thie  affected  lineages  by  causing  cells  to  express  the  fates 
normally  expressed  by  their  descendants.  Interestingly,  there  are  two  classes 
of  recessive  lin-14  mutations.  The  major  class  affects  developmental  events  at 
all  larval  stages  and  in  several  different  tissues,  and  a  minor  class  affects  a 
irrare  limited  group  of  lineages. 

Drs .  Ambros  and  Horvitz  suggest  that  v\hen  the  lin-14  gene  product  is  synthesized 
at  a  high  level,  cells  ejq^ress  early  fates,  and  v^hen  it  is  produced  at  a  Icwer 
level,  they  express  later  fates.  This  would  irrply  that  lin-14  activity  decreases 
during  development,  causing  cells  to  express  first  their  early  programs  and  then 
their  later  ones.  Cfoservations  in  other  aniirals  support  this  model  for  the 
action  of  lin-14.  In  the  Mexican  axolotl,  a  recessive  mutation  causes  retarded 
expression  of  larval  characteristics.  The  retardation  can  be  overcone  by 
exogenous  application  of  thyroxine.  Similarly,  changing  the  levels  of  juvenile 
hormone  at  specific  stages  of  insect  developnent  can  cause  heterochrony.  Thus, 
thyroxine  and  juvenile  hormone  may  mimic  the  effects  of  endogenously  produced 
substances  (heterochronic  gene  products)  that  regulate  developmental  timing. 

Several  alleles  of  lin-28  have  been  identified,  vAiich  are  recessive  and  cause 
acceleration  of  development.  Like  the  minor  class  of  lin-14  recessive  mutants, 
these  also  affect  only  a  limited  number  of  lineages.  Alleles  of  lin-29  Which 
have  been  described  are  also  recessive  and  retard  development  of  selected 
lineages. 

Drs.  Ambros  and  Horvitz  propose  a  model  in  v\hich  genes  such  as  the  major  class 
of  lin-14  recessive  mutants  are  at  the  top  of  a  developmental  hierarchy  and  are 
involved  in  conveying  temporal  information  to  diverse  cell  types.  Heterochronic 
genes,  such  as  lin-29,  \Ahich  produce  more  specific  effects,  are  lower  in  the 
hierarchy  and  under  the  control  of  the  lin-14  genes. 

The  studies  on  C .  elegans  provide  evidence  that  one  gene,  acting  in  seme  way  to 
perturb  timing  of  a  variety  of  cell  types,  can  cause  an  array  of  highly  specific 
developmental  defects.  In  this  regard,  heterochronic  mutants  can  be  ccnpared 
to  hcmeotic  mutants,  which  also  affect  groups  of  specific  cell  lineages.  Homeo- 
tic  mutants,  studied  most  thoroughly  in  Droscphila,  cause  one  particular  struc- 
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ture,  such  as  a  leg,  to  develop  perfectly  but  in  a  location  v»^ere  a  different 
structure,  such  as  an  antenna,  should  be.  Whereas  hcmeotic  mutations  affect 
spatial  developnent,  heterochronic  mutations  affect  terrporal  development. 

The  discovery  of  heterochronic  genes  has  itrplications  for  evolution  as  well  as 
for  developjnent.  Scientists  v^o  study  evolution  have  proposed  that  new  species 
may  evolve  because  same  aspect  of  development  occurs  too  early  or  too  late. 
The  work  of  Drs.  Artibros  and  Horvitz  provides  a  genetic  explanation  for  this 
form  of  evolution.  Rsr  exartple,  when  one  compares  laboratory  strains  of  G. 
elegans  with  related  species  of  nematodes  found  in  the  wild,  many  differences 
are  observed  that  resenible  those  caused  by  mutations  of  lin-14,  lin-28,  and 
lin-29.  These  include  the  absence  of  specific  structures,  the  duplication  of 
other  structures,  partial  sexual  transformation,  and  changes  in  the  number  of 
larval  stages.  This  suggests  that  a  mutation  in  a  single  heterochronic  gene 
could,  under  appropriate  conditions,  cause  evolution  of  a  new  species  with  many 
new  characteristics. 

Finally,  it  should  be  noted  that  C.  elegans  is  proving  to  be  a  valuable  model 
for  studying  developnent,  genetics,  and  behavior.  For  certain  types  of  studies 
it  has  advantages  over  Droscphila,  the  organism  so  frequently  investigated  as  a 
model  for  higher  animals.  As  the  body  of  knowledge  about  C.  elegans  accumulates, 
this  organism  is  likely  to  beccme  increasingly  useful  in  the  laboratory.  It's 
only  a  matter  of  time. 


C.  Replication,  Recombination  and  Repair 
1.  Overview 

The  processes  of  replication,  reccmbination,  and  DNA  repair  share  many  common 
properties  and  m£my  of  the  same  catalysts.  They  continue  to  enphasize  to  us 
that  DNA.  is  a  molecule  in  continuous  dynamic  flux  that  reacts  to  the  external 
environment,  interacts  with  scores  of  highly  specific  DNA  binding  proteins, 
and  changes  its  local  conformation  in  response  to  all  these  events.  There 
are  corplex  devices  in  place  to  assure  the  fidelity  of  information  carried  by 
DNA.  These  permit  proofreading  of  newly  synthesized  CNA  and  enzymatic  correc- 
tion of  errors  produced  by  environmental  stresses.  Similar  machinery  recognizes 
foreign  ENA  and  degrades  it.  These  are  the  devices  that  provide  stability 
during  times  of  flux,  such  as  replication.  Paradoxically,  there  are  also  devices 
such  as  genetic  reccmbination  that  counter  this  stability  by  shuffling  around 
DNA  strara3s  in  order  to  assure  genetic  diversity.  The  number  of  proteins 
involved  in  these  processes  is  very  large,  even  in  a  syston  as  sirtple  as  E. 
coli.  The  phencmena  are  often  ccnplex,  requiring  a  good  understanding  of  DNA 
physical  chemistry  and  topology,  enzymology,  enzyme  induction,  and  genetics. 
The  identification  of  the  many  genes  involved  was  often  acccnplished  by  very 
sop^iisticated  genetic  tools,  prior  to  the  actual  isolation  and  purification  of 
the  host  of  proteins  required.  In  what  follows  below,  we  have  provided  only  a 
glinpse  of  this  very  active  area. 

Even  an  organism  as  sinple  as  E .  coli  appears  to  have  a  number  of  options  for 
DNA  repair,  depending  on  both  the  degree  and  type  of  damage  frcm  environmental 
insults  as  diverse  as  radiation  and  mutagenic  chemicals.  What  is  now 
obvious  is  that  each  repair  pathway  of  an  organism  may  require  many  enzymes- 
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tcpoisanerases ,  ligases,  DNA  polymerases,  methylases,  and  endonucleases .  Some 
of  these  enzymes  are  specifically  induced  as  a  result  of  the  insult  to  the  ESSIA, 
while  others  are  already  present  for  other  functicns,  such  as  replication  or 
genetic  recaribination .  FurtherrtDre,  the  local  configuration  of  OSTA — v\^ether  it 
is  in  the  cannon  B-form,  the  Z-form,  or  supercoiled — has  an  effect  on  the  rate 
and  extent  of  these  reactions,  and  seme  of  the  enzymes  listed  above  play  a  role 
in  converting  one  form  to  the  other. 

Although  much  of  the  research  on  genetic  reccnibination  described  here  may  seem 
scmevi^at  esoteric,  it  has  an  extremely  practical  potential  for  the  future  use 
of  DNA  for  therapeutic  purposes.  When  foreign  DMA.  is  injected  into  a  frog's 
egg,  or  taken  up  by  a  mammalian  cell,  for  exartple,  it  usually  integrates  into 
the  organism's  chrcrnoscme  in  a  randan  way.  When  the  insertion  is  made  in  the 
middle  of  an  essential  gene,  it  can  induce  a  deleterious  mutation.  A  method 
which  could  assure  integration  at  a  very  specific  designated  site  would  assure 
that  DNA  introduced  in  order  to  correct  a  genetic  deficiency  would  not  cause 
secondary  damage  of  its  own.  The  last  item  in  this  group  (Section  7)  indicates 
that  efficient  site-specific  integration  of  foreign  DNA  is  a  foreseeable  result 
of  this  research. 


2.   "The  oriC  Plasmid  System  Proves  Its  Usefulness" 
ROl  GM  07581  (Kbmberg,  A.),  Stanford  Uhiversity 

Replication  of  DNA  is  arguably  a  cell's  irost  inportant  function.  Accurate  and 
rapid  replication  is  necessary  to  assure  that  the  proper  genetic  information  is 
passed  fron  cell  to  cell  and  frcm  generation  to  generation.  Studies  of  DNA 
replication  are  difficult  and  slow  largely  because  of  the  corplexity  of  the 
biochenical  reactions,  the  rarity  of  replication  enzymes,  and  the  inability  to 
control  the  experimental  system — the  cell.  Reproducing  a  carplete  replication 
systen  (that  is,  one  which  would  both  initiate  and  sustain  DNA  replication)  in 
the  test  tube  was,  for  many  years,  an  inportant  but  elusive  goal.  In  1981, 
Dr.  Arthur  Romberg  announced  the  development  of  an  in  vitro  replication  system 
which  pronised  to  make  studies  of  replication  initiation  and  regulation  more 
tractable.  Recent  studies  in  Dr.  Itorriberg's  laboratory  demonstrate  that  the  op- 
timism and  enthusiasm  which  greeted  the  1981  announcement  were  fully  justified. 

The  system  reported  by  Dr.  Komberg  was  based  on  a  small,  circular  plasmid 
called  pSY317.  This  plasmid  was  12,000  nucleotide  base  pairs  long  and  contained 
the  origin  of  replication  (oriC)  frcm  an  E.  coli  chrcmoscme.  The  presence  of 
the  245  base  pair  oriC  region  made  the  plasmid  functionally  very  similar  to, 
but  much  smaller  than,  a  normal  E.  coli  chronosone,  making  initiation  events 
relatively  frequent  and  easy  to  study.  Initiation  of  DNA  replication  in  the 
original  system  required  the  addition  of  a  crude  cell  extract  and,  surprisingly, 
anrnonium  sulfate,  a  chemical  that  is  certainly  not  part  of  the  in  vivo  replica- 
tion systQB.  Recent  refinements  of  the  systan  demonstrate  that  gyrase,  an 
enzyme  v*iich  affects  the  topological  arrangement  of  the  chronosane,  can  replace 
these  cotponents.  The  currently-used  system  achieves  maximal  EXSIA  synthesis 
with  a  combination  of  highly  purified  enzymes,  allowing  for  precise  and  con- 
trolled studies.  Dr.  Ptorhberg  is  now  systoriatically  studying  the  enzymology 
and  genetics  of  two  areas  of  DNA  replication — ^prepriming  of  ENA  synthesis  and 
the  role  of  DNA  polymerase  III  holoenzyme.  A  brief  overview  of  the  steps  in 
DNA  replication  will  put  Dr.  Romberg's  work  in  its  proper  context. 
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On  the  basis  of  earlier  studies,  scientists  have  separated  DNA  replication  into 
four  stages,  as  follows: 

1.  During  prepriining,  the  oriC  sequence  is  identified  by  specific  proteins 
and  the  ESSIA  strands  begin  to  separate. 

2.  Once  the  DNA  double  helix  has  been  opened  at  the  origin  of  replication, 
priming  begins.  Enzymes  called  primases  synthesize  10  60-nucleotide 
long  RNA  primers  at  several  locations  along  the  ESSIA  strand.  In  the 
following  diagram,  the  sites  of  primer  synthesis  are  called  initiation 
sites . 
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3.  Elongation  involves  the  construction  of  a  DNA  copy  of  the  DNA  tenplate. 
After  dissociation  of  primase  from  the  DNA  strand,  DNA  polymerase  III 
holoenzyme  attaches  to  the  DNA  and  begins  DNA  synthesis.  DNA  is  synthe- 
sized in  fragments  between  primer  molecules.  As  the  fragments  are 
corpleted,  DNA  polymerase  I  simultaneously  excises  the  RNA  primers  and 
synthesizes  new  DNA  to  fill  the  single-stranded  gaps. 
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DNA  polymerase  III 

5'-»3'  synthesis  of  DNA  initiated  at  the  free 

3'-  OH  of  the  RNA  primer 
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Simultaneous  removal  of  RNA  primer  by  5'-*3'  exonuclease 
activity  of  DNA  polymerase  I  and  b'-*3'  synthesis  by 
polymerase  activity  of  DNA  polymerase  I 
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4.  During  anplifi cation,  breaks  between  the  fragments  in  the  newly- 
synthesized  DNA.  strand  are  repaired  by  DNA  ligase. 
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Dr.  Romberg's  recent  work  on  prepriming  reactions  and  the  role  of  OsFA  polym- 
erases III  holoenzyme  is  straightforward  and  effective,  making  use  of  state- 
of-the-art  biochemical  and  genetic  approaches.  Soiie  of  the  recent  results 
frcsn  Dr.  Romberg's  laboratory  follow: 

Prepriming  of  DNA  Replication 

Replication  of  the  ori C-plasmids  is  initiated  by  a  ccnplex  series  of  steps. 
The  process  begins  with  the  identification  and  preparation  of  the  origin  region 
and  requires  several  enzymatic  steps,  as  follow: 

1.  Identification  of  the  origin  site  for  other  replication  enzymes  is  a 
function  of  the  dnaA  protein.  This  protein  is  capable  of  binding  to  a 
number  of  sites  on  the  plasmid,  all  of  which  share  a  canmon  nine  base 
pair  sequence: 


C  C 

5.    rpp^rp  (^    ^ 

A  A 


The  origin  region  is  distinguished  from  the  other  binding  sites  by  con- 
taining four  repeats  of  this  sequence.  At  oriC,  about  250  base  pairs 
are  covered  by  carpi  exes  of  20  to  30  dnaA  protein  molecules;  at  the 
other  sites,  only  100  base  pairs  are  covered.  Identification  of  the 
origin  region  appears  to  be  a  function  of  tlie  size  and  perhaps  tlie 
conformation  of  the  DNA/protein  coiplex. 

2.  Initiation  of  replication  at  other  dnaA  binding  sites  is  also  suppressed 
by  the  action  of  accessory  proteins,  such  as  RNase  H  and  protein  HU. 
The  mechanics   of   this   suppression   are   not   yet  understood. 

3.  dnaB  and  dnaC  proteins  form  a  carplex  and  are  transported  to  the  dnaA 
protein.  It  is  possible,  but  still  unproven,  that  the  dnaC  protein 
targets  the  cotrplex  to  dnaA.  It  does  appear  that  dnaC  protein  is 
released  after  the  dnaA/dnaB  ccnplex  is  formed. 
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4.  c3naB  protein  and  gyrase  open  and  unwind  the  DNA  strand  in  preparation 
for  binding  by  the  replication  proteins.  D!sIA  is  normally  helical  and 
tightly  supercoiled.  Separation  of  the  DNA  strands  at  the  origin  could 
cause  the  ronainder  of  the  moleeale  to  wind  more  tightly.  The  carpi e- 
mentary  actions  of  dnaB  protein  and  gyrase  prevent  this  fron  happening. 
dnaB  protein  separates  the  strands  at  the  origin  region  \A*iile  gyrase 
acts  as  a  swivel  to  relieve  the  tension  on  the  DNA  molecule.  (Work  in 
other  labs  has  shown  that  gyrase  clips  one  DNA  strand,  allows  the 
strands  to  pivot  around  each  other,  and  then  rejoins  the  strands.) 

5.  Cnce  the  origin  is  identified  and  unwound,  the  priming  reactions  b^in. 


CNA  Polymerase  III  Holoenzyme 

The  replication  of  E.  coli  DNA  is  carried  out  primarily  by  EMA  polymerase  III 
holoenzyme  (holoenzyme,  for  short),  v^hich  is  ccirposed  of  at  least  seven  sub- 
units.  Recent  studies  in  Dr.  Ptomberg's  lab  have  identified  the  genes  v^ch 
code  for  several  subunits. 


Subunit 

Gene 

Subunit  Size 

alpha 

dnaE 

140,000  MW 

epsilon 

dnaQ 

7,000  MW 

beta 

dnaN 

38,000  MW 

theta 

7 

10,000  MW 

gairnia 

dnaC 

50,000  MW 

delta 

dnaX 

28,000  MW 

tau 

dnaX-HinaC  (?) 

78,000  MW 

Four  of  these  genes  have  now  been  cloned,  opening  the  way  for  producing  large 
quantities  of  their  rare  products. 

Dr.  KDmberg  has  also  been  involved  in  studying  the  dynamics  of  holoenzyme  as 
it  moves  along  the  teiiplate.  Results  so  far  indicate  the  following: 

1.  Holoenzyme  begins  synthesizing  new  CNA  at  the  3'  end  of  the  primer, 
adding  nucleotides  and  moving  along  the  DNA  tenplate.  The  DNA/ enzyme 
ccjtplex  is  very  stable;  holoenzyme  can  remain  bound  to  DNA  for  well 
over  15  minutes. 

2.  Holoenzyme  is  also  efficient;  it  continues  to  add  nucleotides  to  the 
growing  strand  until  it  encounters  the  next  primer.  Virtually  no  bases 
of  the  torplate  are  left  unpaired. 

3.  llitil  recently,  the  behavior  of  holoenzyme  upon  encountering  5'  end  of 
the  next  primer  was  unknown.  Studies  of  other  DNA  binding  proteins 
suggest  several  possibilities.  The  enzyme  might  dissociate  fron  the 
DNA  and  "search"  randomly  or  in  a  directed  way  for  the  3'  end  of  the 
next  available  primer.  Alternatively,  holoenzyme  might  bind  to  the 
DNA/RNA  duplex  without  dissociating  frcm  the  tenplate.  Dr.  Itorhberg 
and  his  colleagues  have  now  established  that  holoenzyme  dissociates 
briefly  (under  1  second),  and  then  reattaches  to  the  5'  end  of  the 
DNVRNA  primer. 
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4.  HDloenzyme  diffuses  along  the  duplex  DNA/RNA  region  until  it  encounters 
the  3'  end  of  the  primer.   It  is  then  ready  to  reinitiate  ESSIA.  synthesis. 

ATP  plays  a  critical  role  in  this  process;  it  is  responsible  for  the  stability 
of  the  DNA/holoenzyme  ccnplex,  apparently  enabling  holoenzyme  to  grip  the 
tenplate  DNA  strand.  Dissociation  of  holoenzyme  frcsn  the  tenplate  requires 
breaking  this  firm  bond  and  is  also  ATP-dependent ;  however,  movement  of  holo- 
enzyme along  double-stranded  regions  does  not  require  ATP. 

Models  of  enzyme  action  at  the  replication  fork  will  undoubtedly  develop  as 
more  data  are  accumulated.  In  this  regard,  the  usefulness  of  the  oriC  plasmid 
can  hardly  be  overestimated.  Its  development  has  opened  the  way  for  laborato- 
ries around  the  world  to  conduct  controlled,  detailed  experiments  which  are 
revealing  the  enzymology  and  genetics  of  DNA  replication. 

3.   "Artificial  Gene  Aids  Crystal lographic  Studies  of  a  Replication  Enzyme" 
RDl  CM   28550  (Grindley,  N.),  Yale  University 

DNA  is  a  molecule  with  a  mission  -  making  ccpies  of  itself.  Elaborate  biological 
processes  and  structures  make  this  possible,  assuring  that  DNA  is  faithfully 
duplicated  fran  one  generation  to  the  next.  DNA  is  a  double-stranded  molecule, 
ccsiposed  of  two  long  backbDnes  made  of  alternating  deoxyribose  sugar  and  phos- 
phate units  and  held  together  by  nucleotide  bases.  The  strands  are  said  to  be 
antiparallel  because  they  are  in  opposite  orientation,  as  shown  below: 


)3>^ 


G> 


HO 
3 
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The  sequence  of  the  nucleotide  bases — adenine  (A) ,  thymine  (T) ,  guanine  (G) , 
and  cytosine  (C) — carprises  the  code  for  enzymes,  structural  and  transport 
proteins,  ribosonal  and  transfer  RNAs,  and  other  cell  coiponents.  During 
replication,  the  two  strands  separate  and  carpi eraentary  strands  are  synthe- 
sized. The  two  new  E«SIA.  strands  are  thus  ccrrposed  of  one  parental  strand  and 
one  newly-synthesized  strand. 


Replication 
fork 


Replicated  (daughter)  DNAs  "" 


Nonreplicated 
(parental)  DNA 


The  replication  of  DNA  requires  many  enzymes,  such  as  topoiscjnerases ,  single- 
strand  binding  proteins,  and  polymerases.  DNA  polymerase,  one  of  the  most 
corplex  of  the  replication  enzymes,  performs  the  most  basic  function — that  of 
transferring  the  genetic  code  fron  the  parent  molecule  to  a  new,  ccxrplenentary 
strand.  Although  the  first  DNA  polymerase,  pol  I,  was  discovered  in  the  mid- 
1950 's  by  Itomberg  (GM  07581),  the  enzyme  ranains  poorly  understood.  Scientists 
know  that  DNA  polymerases,  including  pol  I,  add  nucleoside  5 ' -triphosphates  to 
the  3'  end  of  a  growing  DNA  strand.  The  enzyme  must  also  be  able  to  "read"  the 
tatplate  strand  so  that  the  new  strand  is  ccarplementary . 


DNA  synthesis  occurs  by  addition  of  nucleotides  to  the  3'-0H 
end  d  the  growing  chain. 
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DNA  polymerase  I  (pol  l)  is  not  an  extraordinarily  large  enzyme  (it  contains 
about  1000  amino  acids),  but  it  replicates  EMA  with  ran:arkable  efficiency  and 
speed.  In  normal  conditions,  it  constructs  corplementary  DNA.  strands  at  the 
rate  of  667  nucleotide  bases  each  minute  with  an  error  rate  of  about  1  in  10^ 
to  8  base  pairs  I  The  physiological  roles  of  pol  I  in  living  cells  are  poorly 
understood ;  most  of  our  understanding  of  the  enzyme  cones  from  in  vitro  studies . 
These  studies  clearly  show  that  pol  I  has  three  distinct  activities — synthesis 
of  new  DNA  strands  (polymerase  activity) ,  repair  of  errors  made  during  ESSfA 
synthesis  ( 5 '  to  3 '  nuclease  activity) ,  and  excision  of  large  distortions  of 
the  DNA  molecule  ( 3 '  to  5 '  activity) . 

These  three  functions  reside  in  different  parts  of  the  pol  I  molecule,  making 
it  a  useful  model  for  studying  how  multifunctional  enzymes  interact  with  their 
substrates.  Unfortunately,  progress  toward  obtaining  a  detailed  structural 
description  of  pol  I  has  been  slow,  in  spite  of  the  availability  of  clones 
which  can  be  used  to  produce  large  quantities  of  the  ccxtplete  enzyme. 

The  difficulty  lies  in  the  size  of  the  molecule  (MW=109,000) .  No  molecule  of 
pol  I's  size  and  cornplexity  has  yet  been  solved  crystal lographically.  Fortu- 
nately, the  pol  I  molecule  can  be  split  into  two  enzymatically  active  fragments . 
The  small  fragment  (MW=36,000)  contains  only  the  3'  to  5 '  nuclease  activity; 
the  large  fragment  (MW=76,000),  called  the  idenow  fragment,  contains  the  poly- 
merase and  editing  functions.  Because  the  PCLenow  fragment  is  only  two-thirds 
as  large  as  the  intact  enzyme  but  retains  the  most  carmonly  studied 
activities,  it  has  becone  an  extraordinarily  useful  research  tool.  Further- 
more, its  size  permits  high  resolution  structural  studies. 

Dr.  Nigel  Grindley  has  recently  used  recombinant  DNA  techniques  to  construct  an 
artificial  gene  which  can  produce  large  quantities  of  the  Klenow  fragment.  As 
it  turns  out,  the  first  third  of  the  normal  pol  I  gene  codes  for  the  small 
fragment  of  the  enzyme,  v\^ile  the  ronaining  two-thirds  codes  for  the  Klenow 
fragment.  Dr.  Grindley  cloned  the  ccnplete  pol  I  gene,  then  positioned  strong 
prcxnoter  sequences  and  start  signals  at  the  beginning  of  the  FCenow  fragment 
coding  sequence.  The  non-Klencw  portions  of  the  gene  were  deleted,  and  the 
modified  gene  was  inserted  into  a  vector.  Placed  in  a  suitable  environment, 
such  as  E.  coli,  the  artificial  gene  produces  large  quantities  of  normal  Klencw 
fragment . 

The  Klencw  fragment  was  provided  to  Dr.  Tom  Steitz  and  his  colleagues  at  Yale, 
vyho  began  the  crystallographic  studies.  They  determined  that  the  Klenow  frag- 
ment itself  is  cciTposed  of  two  dcmains.  The  smaller  danain  is  about  200  amino 
acids  long  and  contains  a  binding  site  for  a  deoxynucleoside  monophosphate  and 
a  divalent  metal  ion.  This  region  probably  makes  up  the  active  site  for  the 
editing  function  of  the  polymerase  enzyme.  The  larger  donain  v^ich  performs 
the  polymerase  function  is  about  400  amino  acids  long  and  contains  a  deep  cleft 
of  the  right  size  to  hold  a  DNA  double  helix. 

Grindley  and  Steitz  went  on  to  study  the  Klenow  fragments  of  DNA  polymerase 
mutants.  Two  mutants  known  to  have  defective  interactions  with  the  DNA  molecule 
have  amino  acid  changes  on  the  surface  of  the  deep  cleft.  Data  now  indicate 
that  actual  synthesis  of  new  DNA  segments  takes  place  along  one  wall  of  the 
cleft  in  the  large  donain.  In  the  normal  molecule,  tliis  position  is  a  long 
distance  fron  the  active  site  for  the  editing  function,  raising  the  possibility 
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that  the  DNA  polymerase  molecule  may  undergo  radical  position  changes  as  it 
moves  frcm  the  polymerase  to  the  editing  mode.  The  crystal lographic  studies 
also  indicate  a  structure  which  may  form  a  lid  to  the  deep  cleft  after  the  DNA 
is  bound.  This  structure  probably  inhibits  dissociation  of  the  nsiA/ enzyme 
cciiplex. 

DNA  polymerase  is  one  of  the  most  interesting  and  iirportant  molecules  in  cells. 
It  is  responsible  for  replicating  and  repairing  ENA;  it  is  also  an  excellent 
model  of  the  enzymes  v^ich  interact  with  DNA  and  vshich  have  many  functions. 
These  studies  by  Grindley  and  Steitz  are  providing  a  vivid  picture  of  how 
DNA  polymerase  and  DNA  interact  and  how  DNA  polymerase  carries  out  its  many 
functions . 


4.   "RecA  Protein  and  the  Mechanism  of  Recombination" 

ROl  GM.   11014  (Howard-Flanders,  P.),  Yale  University 

In  1911,  ThOTQS  Hunt  Morgan  published  a  classic  paper  in  which  he  hypothesized 
that  genes  are  arranged  in  a  linear  sequence  on  chranoscnies  and  that  crossing 
over  (the  exchange  of  genetic  material)  occurs  between  hcmologous  dhrcsttosanes 
during  meiosis.  Morgan  thought  that  crossing  over  was  caused  by  mechanical 
forces  acting  on  the  chrcmoscmes  as  they  twisted  around  each  other  during 
synapsis  and  that  it  was,  therefore,  an  aberrant  event.  The  inportance  of 
crossing  over  was  not  lost  on  Morgan,  however,  and  with  his  student,  A.H. 
Sturtevant,  he  developed  the  technique  of  mapping  genes  onto  chrcmosanes  by 
using  crossover  frequencies  to  estimate  relative  distances  between  genes. 

Tbday,  we  know  that  crossing  over  is  only  one  subset  of  a  larger  group  of 
phenonena  called  recombination  and  that  reccaribination  occurs,  not  by  mechanical 
breakage,  but  by  enzymological  processes.  Many  scientists  now  believe  that 
reccaribination,  far  fron  being  an  aberrant  event,  is  necessary  for  proper  assort- 
ment of  chroTOscmes  into  daughter  cells  during  cell  division.  In  fact,  recom- 
bination processes  are  inportant  at  all  levels  of  genetic  organization.  At  the 
molecular  level,  reccsribination  is  a  tool  to  facilitate  fine  structure  mapping 
of  mutations  within  genes.  Transposition  of  mobile  genetic  elements,  insertion 
of  viral  genomes  into  host  chrcnosones ,  and  repair  of  genetic  damage  require 
recombination  processes.  In  addition,  the  great  diversity  of  life  on  earth  is 
due  to  biological  processes  that  generate  genetic  variation.  Recombination  of 
genes  into  new  configurations  is  an  inportant  element  of  evolution. 

Understanding  the  mechanism  of  reccnibination  has  been  difficult,  largely  because 
the  organisms  most  suitable  for  genetic  analysis,  such  as  fungi,  are  not  the 
best  for  nolecular  analysis.  Conversely,  E.  coli  is  an  excellent  model  for 
many  molecular  studies,  but  because  recombination  here  occurs  between  phage  and 
E.  coli  chrannosanes  and  because  phage  life  cycles  are  diverse  and  often  bizarre, 
it  is  inpossible  to  generalize  to  eukaryotes.  Despite  this  handicap,  research 
on  the  biochemistry  of  recorbination  has  been  proceeding. 

In  1965,  Clark  and  Margulies  isolated  E.  coli  mutants  that  were  unable  to 
undergo  recombination  during  conjugation.  The  defective  gene  was  identified 
and  called  recA.  Paul  Howard-Flanders  has  been  closely  involved  in  studying 
the  recA  gene  product  since  its  discovery  and  has  recently  proposed  a  model  for 
the  interaction  of  recA  protein  and  DNA. 
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RecA  Spiral  Filaments 

X-ray  diffraction  studies  of  recA  protein  crystals  show  that  the  molecules  are 
arranged  in  long  helical  strands  with  six  recA  moncraers  in  each  turn  of  the 
helix.  In  solution,  the  protein  binds  to  both  single  and  double  stranded  DNA 
to  form  long  spiral  helices  with  18.6  DNA  base  pairs  and  6.2  recA  monomers  in 
each  turn  of  the  helix.  The  EasiA  in  this  ccrrplex  is  stretched  by  about  50 
percent  ccstpared  to  normal,  unbound  DNA. 

Dr.  HDward-Flanders  has  recently  ccrrpleted  research  making  use  of  imaging 
techniques  to  study  recA/DNA  ccarplexes.  Uranyl  acetate  is  a  camtonly-used 
negative  stain  because  it  is  excluded  from  protein  structures.  Thus,  electron 
micrographs  of  stained  material  reveal  the  outline  of  a  protein  against  a 
stained  background.  Dr.  Howard-Flanders  stained  recA/DNA  spiral  filaments 
with  uranyl  acetate  and  used  a  Fourier  transformation  procedure  to  construct  a 
3-dimensional  image  of  the  recA  spiral  filament.  The  following  picture,  drawn 
by  corputer,  shows  that  the  helical  filament  contains  a  deep  groove. 


A  ccxrputer-drawn  cross  section  of  the  recA  filament  confirms  the  existence  of  a 
deep  groove. 


Dr.  Howard-Flanders  has  calculated  that  the  stretched  DNA  must  lie  within  a  40° A 
diameter  circle  in  order  to  avoid  disrupting  any  bonds.  If  the  DNA  were  to  lie 
within  the  deep  groove  of  the  recA  filament,  it  would  meet  this   constraint. 
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Pairing  and  Strand  Excihange  WitMn  the  RecA/OsIA  Coirplex 

The  nost  connon  biological  models  used  to  study  recA  are  very  siirple  systeans, 
usually  consisting  of  a  single-stranded  DNA  (ssDNA.)  molecule  and  a  homologous 
double-stranded  (duplex)  I»IA  molecule.  If  recombination  occurs,  the  ssOSIA  will 
be  substituted  for  one  of  the  strands  on  the  duplex  DNA.  Assaying  for  recoribin- 
ation  is  difficult,  however.  Another  system  that  is  easy  to  study  consists  of 
linear,  ssDNA  and  a  honologous  circular,  duplex  DNA.  Kevin  ^4cEntee  {GtA  29558) 
has  used  this  system  to  determine  the  steps  involved  in  recAnnediated  recom- 
bination. 

1.  RecA  protein  binds  to  ssDNA.  IViis  reaction  is  facilitated  by  the 
addition  of  single-strand  binding  protein.  (Oi  the  pictures  below,  the 
recA  protein  subunits  are  not  illustrated) . 


J'. 


-5' 


2.  Although  recA  protein  alone  binds  slowly  to  duplex  DNA,  the  recA/ssDNA 
ccxnplex  readily  pairs  with  duplex  ESsIA.  One  strand  of  the  duplex  circle 
is  nicked. 


3' 


3.  The  ssDNA  replaces  one  strand  of  the  duplex  DNA.  This  reaction  requires 
ATP  and  proceeds  in  a  5'  to  3'  direction  along  the  ssDNA. 
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4.  The  result  is  a  single-stranded  linear  molecule  of  ENA  and  a  nicked 
circular  duplex. 


In  many  forms  of  reccsribination,  such  as  crossing  over,  both  DNA  molecules  are 
double-stranded.  This  is  more  corplex  because  four  nSTA  strands,  not  just  three, 
are  involved.  Dr.  Howard-Flanders  has  found  that  binding  of  the  recA.  protein 
to  the  EXSIA  requires  a  gap  (a  single-stranded  region)  in  one  of  the  four  DNA 
stands.  After  binding  to  the  single-stranded  region,  the  recA  protein  promotes 
strand  exchange  between  the  two  duplex  molecules. 

DNA  Binding  Sites  in  the  RecA  Protein 

One  the  basis  of  the  sizes  of  DNA  and  the  recA  protein.  Dr.  Howard-Flanders  has 
proposed  that  there  are  two  DNA  binding  sites  in  the  deep  groove  of  recA  mono- 
mers. In  addition,  he  has  identified  recA  mutants  ^/\/hich  can  bind  ssDNA,  but 
not  duplex  DNA.  This  supports  the  idea  that  each  recA  monomer  has  two  DNA 
binding  sites — one  for  ssDNA  (or  gapped  double-stranded  molecules)  and  one  for 
duplex  DNA. 

Model  for  DNA/RecA  Interacticn 

Based  on  these  data.  Dr.  Howard-Flanders  has  proposed  an  interesting  and 
provocative  model  for  hew  recA  protein  facilitates  recortoination.  The  follow- 
ing series  of  illustrations  shows  the  main  features  of  the  model: 


_JM^ili^J 


RecA  protein  binds  to  a  gap  in  one  of  the  DNA  molecules, 


B 
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RecA  prototes  cxantact  between  the  ssDNA  and  the  duplex  DNA  nxDlecules.  As 
moncmers  of  recA.  coalesce  around  the  DNA  to  form  a  spiral  filament,  the  ssDNA 
associates  with  the  duplex  DNA  forming  a  3-stranded  DNA  molecule. 


The  filament  winds  around  the  3-stranded  DNA  molecule. 


At  the  end  of  the  gap,  recA  will  bind  to  the  remaining  DNA  strand  forming  a 
4-stranded  DNA  coiplex.  In  this  configuration,  the  bonds  that  hold  the  ENA 
strands  together  are  easily  broken,  and  the  nucleotide  bases  can  rotate  freely. 
Thus,  strand  exchange  is  easily  accotplished,  as  shewn  below: 


Topotsomerase 


Poiymerase 


Topoisomerases  relax  the  DNA  helices  into  their  normal  configuration,  and  DNA 
polymerase  repairs  the  single-strand  gap. 

This  model  is  an  inportant  advance  in  understanding  genetic  reccrribination . 
Although  many  details  ranain  unresolved,  the  basic  working  model  is  gaining 
acceptance  as  the  first  plausible  molecular  model  of  recaribination .  The  intel- 
lectual distance  between  Morgan's  first  explanation  of  genetic  traits  and 
Dr.  Howard-Flanders'  model  is  great  and  highlights  the  remarkable  advances  in 
genetics  over  the  past  73  years.  It  is  satisfying  to  know  that  state-of-the-art 
technologies  are  finally  answering  the  questions  and  explaining  the  data  that 
T.H.  Morgan  and  his  colleagues  produced. 
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5.   "A  New  Twist  in  the  Z-OsIA  Story" 

ROl  GM  27103  (Holloman,  W.),  Diiversity  of  Florida 

Genetic  recoribination  is  a  cannmon  process  during  which  ESSTA  strands  exchange 
genetic  material.  Recoribination  is  found  in  all  organisms,  fronn  bacteria  to 
humans,  and  is  now  believed  to  be  necessary  for  proper  cell  division  and  cell 
differentiation.  Uitil  recently,  scientists  believed  that  reccsrbination  was 
caused  by  mechanical  forces  acting  on  the  chrcanoscmes  as  they  twisted  around 
each  other.  We  now  know  that  special  enzymes  carry  out  the  process  and  that 
cells  without  these  enzymes  or  with  defective  enzymes  are  abnormal  in  many  cell 
functions.  Recoribination  is  irtportant  in  the  transposition  of  genetic  elements, 
insertion  of  viral  genones  into  host  chroTOsones ,  repair  of  genetic  damage,  and 
the  assortment  of  chronosomes  into  daughter  cells  during  cell  division.  In 
addition,  the  great  diversity  of  life  on  earth  is  due  to  biological  processes 
that  generate  genetic  variation.  Recombination  of  genes  into  new  configurations 
is  an  irtportant  element  of  evolution. 

Dr.  William  Holloman  has  been  studying  genetic  recombination  in  Ustilago,  a 
yeast  known  better  as  com  smut.  Because  recoribination  occurs  mainly  during 
meiosis,  the  process  is  usually  studied  by  examining  the  products  of  meiotic 
cell  divisions.  Ustilago  has  proved  a  useful  model  for  studying  recoribination 
because  all  products  of  a  given  meiotic  or  gamete-producing  cell  division  can 
be  gently  picked  from  the  surface  of  the  dividing  cell,  called  a  basidium. 


Production  of  Gametes  in  Basidium  of  Ustilago 

Recoribination  in  Ustilago  is  carried  out  by  the  reel  protein,  analogous  to  the 
recA  protein  in  E.  coli,  which  has  been  extensively  studied  (see  Section  4  above) 
Like  recA,  reel  in  Ustilago  can  locate  and  pair  (or  synapse)  similar  DNA  se- 
quences. Unlike  recA,  which  requires  the  presence  of  topoisonerase  (an  enzyme 
which  can  unwind  DNA) ,  reel  acts  alone. 

Dr.  Holloman  used  a  special  syston  to  study  pairing  and  reccrribination  of  a 
doutale-standed  linear  EMA  molecule  (dsDNA)  and  a  single-stranded'  circular  DNA 
molecule  (ssDNA)  mixed  with  reel  protein.  In  this  system,  reel  can  attach  to  the 
ssDNA  and  "read"  its  nucleotide  sequence,  search  the  dsDNA  for  a  hotiologous 
nucleotide  sequence,  pair  the  ssDNA  with  the  dsDNA,  and  facilitate  recoribination 
of  the  ssDNA  into  the  dsDNA. 
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To  accorplish  this,  reel  must  overccme  a  major  difficulty  -  both  the  dsDNA  and 
the  ssDNA.  are  tightly  wound  into  helices  which  prevent  pairing  of  sequences. 
The  DNA  strands  must  untwist  before  reel  can  match  and  align  the  proper  se- 
quences. Once  the  strands  are  untwisted,  the  dsDNA  and  ssDNA  can  synapse  to 
form  a  transient  structure,  called  a  paraneitiic  joint.  An  alternative  structure, 
a  plectononic  joint,  would  involve  winding  all  three  strands  together.  The 
difficulties  of  creating  a  plectoneniic  joint  make  it  an  unlikely  candidate  for 
the  structure  of  DNA  at  early  synapsis,  although  it  may  arise  at  other  times 
during  recorbination. 

Dr.  Hollcman  knew  fron  the  work  of  Alexander  Rich  that  DNA  is  found  in  the  cell 
in  one  of  two  forms  -  normal  B-DNA  and  rare  Z-DNA.  B-DNA  is  the  ccmnon  right- 
handed  helix;  Z-DNA  winds  in  the  opposite,  left-handed  direction,  as  shewn  below: 


Z-DNA 


B-DNA 
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Z-DNA  is  raost  ccmtion  in  DNA  with  a  high  cxDntent  of  the  nucleotides  cytosine  and 
guanine  and  is  less  tightly  wound  than  B-ESsIA.  No  clear  physiological  role  of 
Z-DNA  has  yet  been  identified,  and  Dr.  Hollcinan  began  to  wonder  if  Z-DNA  might 
be  involved  in  recombination.  The  fact  that  it  is  straighter  than  B-I3SIA  made 
it  a  candidate  for  the  DNA  structure  found  in  paranemic  joints. 

Z-DNA  can  be  made  easily  in  the  laboratory.  EMA  chains  made  only  of  the  bases 
guanine  and  cytosine,  called  poly  dG-dC,  are  easily  converted  to  the  Z  conforma- 
tion by  a  variety  of  agents,  including  concentrated  salt  or  bromine  solutions. 
Brcndne  is  particularly  useful  because  it  stabilizes  Z-DNA  so  that  it  does  not 
flip  back  into  the  B  conformation  v^en  conditions  change.  Bronine's  mode  of 
action  is  still  a  mystery;  it  is  possible  that  brcsninaticai  is  similar  to  the 
better-studied  process  of  methylation,  which  is  loiown  to  affect  many  ESSIA  func- 
tions, such  as  transcription  and  replication. 

Dr.  HDlloran's  primary  interest  was  the  possible  role  of  Z-ESSIA  in  synapsis.  He 
hypothesized  that  Z-DNA  might  be  found  in  paranemic  joints  and  soon  found  that 
antibodies  for  Z-DNA  bind  to  paranemic  joint  molecules  and  that  the  appearance 
or  disappearance  of  Z-DNA  (or  a  Z-DNA-like  molecule)  parallels  the  formation 
and  decay  of  paranemic  joint  molecules.  Dr.  HDllonan  next  began  a  series  of 
experiments  to  define  the  relaticnship  of  reel  and  Z-DNA.  He  began  by  investi- 
gating the  abilities  of  reel  to  bind  to  B-DNA  and  Z-EWA.  The  assay  for  binding 
of  reel  protein  to  DNA  is  sinple: 

1)  Reel  protein  binds  readily  to  a  nitrocellulose  filter. 

2)  DNA  passed  over  the  reel/filter  ccnplex  binds  to  the  reel  protein, 

3)  The  amount  of  DNA  retained  by  the  filter  is  a  measure  of  recl-EMA 
binding. 

Dr.  HDllcxiian  found  that  Z-DNA  binds  to  reel  more  efficiently  than  does  D-DNA. 

Another  set  of  experiments  utilized  the  plasmid  pLP32,  v^hich  has  32  alternating 
cytosine  and  guanine  bases.  In  the  presence  of  topoisonerase  I  (an  enzyme 
v\hich  affects  the  amount  of  twisting  in  the  helix)  eind  ethidium  bronide,  the 
poly  dG-dC  DNA  segment  flips  into  the  left-handed  form.  pLP32  was  derived  from 
the  ccmnonly-used  pBR322  plasmid  and  differs  froti  it  only  by  the  special  32-base 
sequence.  In  a  series  of  experiments  designed  to  test  recl/Z-DNA  binding. 
Dr.  HDllotan  discovered  the  following: 

1)  pLP32  in  the  Z-DNA  form  binds  reel  protein  nrare  efficiently  than  does 
pBR322, 

2)  pLP32  in  the  Z-DNA  form  binds  reel  more  efficiently  than  ^does  pLP32  in 
the  Br-DNA  form  (that  is,  not  ejqxDsed  to  topoisonerase  I  and  ethidium 
bromide) , 

3)  reel  protein  ccnpetes  efficiently  with  Z-DNA  antibodies  for  binding  to 
the  Z-form  of  plP32. 

4)  A  brominated  strand  of  DNA  containing  only  guanine  and  cytosine  and  in 
the  Z-WA  form  corpetes  efficiently  with  pLP322  for  binding  to  reel 
protein  • 
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These  results,  taken  with  previous  work  demonstrating  that  reel  prototes 
recxxtibination,  support  Dr.  BDlloman's  hypothesis  that  the  formation  of  Z-ESSIA, 
possibly  triggered  by  methylation  of  special  sites,  facilitates  synapsis  of 
recoTibining  DNA  strands.  Once  Z-ESSIA  is  formed,  reccsribination  proteins,  such  as 
reel,  could  align  DNA  strands  into  a  paranemic  joint.  This  view  is  receiving 
more  attention  as  supporting  evidence  accumulates,  and  it  pronises  to  contribute 
significantly  to  our  understanding  of  reccrribination.  Uncovering  the  details  of 
recaribination  is  especially  exciting  and  gratifying  because  recotibination  is 
the  basis  for  generation  of  variation  among  individual  organisms  and  is  iirpli- 
cated  as  being  vital  to  many  cell  functions.  The  fact  that  few  disorders  are 
knc^A?n  to  involve  defects  in  recotibination  testifies  both  to  the  inportance  of 
the  process  (that  is,  any  changes  in  the  recotibination  pathway  are  lethal)  and 
to  hew  little  we  now  know  about  the  process.  Dr.  Hollotian's  research  may  shed 
sane  light  on  an  inportant  part  of  the  picture. 

6.  "An  Assay  for  Misitiatch  Repair" 

ROl  GM  23719  (btodrich,  P.),  Duke  University 

Mutation  is  a  biologically  important  process,  providing  the  genetic  variation 
necessary  for  adaptation  and  evolution.  However,  most  itiutations  are  harmful, 
leading  to  dysfunctional  or  nonfunctional  proteins  or  to  changes  in  gene  regula- 
tion. Thus,  repair  of  itiutations  to  preserve  the  integrity  of  a  genetic  system 
is  also  iitportant.  Indeed,  several  genetic  disorders,  such  as  xeroderma  pigmen- 
tosum, are  related  to  defects  in  genes  that  control  repair. 

Mutations  change  the  sequence  of  nucleotide  bases  along  a  DNA  molecule,  thereby 
altering  the  genetic  code.  Causes  include  extrinsic  factors,  such  as  uv  light 
and  chemical  mutagens,  as  well  as  intrinsic  processes,  such  as  DNA  replication 
and  recotibination.  The  integrity  of  the  genetic  code  depends  on  accurate 
replication  of  the  DNA  molecule.  DNA  is  a  double-stranded  molecule,  vshose  two 
sugar-phosphate  backbones  are  held  together  by  hydrogen  bonds  between  pairs  of 
nucleotide  bases.  Normally,  adenine  (A)  pairs  with  thymine  (T),  and  cytosine 
(C)  pairs  with  guanine  (G) .  EXiring  normal  replication,  the  DNA  strands  separate, 
and  cotplementary  daughter  strands  are  synthesized  by  itiatching  new  nucleotide 
bases  to  the  sequence  of  bases  on  the  two  parental  strands.  Two  processes  can 
interfere  with  this  accurate  duplication  of  the  DNA  molecule.  First,  during 
normal  replication,  incorrect  bases  itay  be  inserted  into  the  new  strand  creating 
itiismatched  base  pairs  (for  exanple,  a  G  might  be  paired  with  a  T) .  If  not 
corrected,  mismatches  change  the  genetic  code,  often  leading  to  changes  in 
protein  structure  or  to  alterations  in  control  elements  on  the  chronosoties . 
Second,  just  before  replication,  homologous  chrotosoties  may  exchange  genetic 
itiaterial  in  a  process  called  recotibination.  This  usually  creates  mismatched 
regions,  called  heteroduplexes ,  on  the  chrotosones  involved  in  the  exchange. 

Most  biological  systens  have  evolved  repair  pathways  to  correct  mismatches 
generated  during  normal  DNA  replication  or  recotibination.  Misitatch  repair  also 
appears  to  be  related  to  other  ittportant  genetic  occurrences  such  as  gene 
conversion,  transformation,  and  map  expansion. 
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Mismatch  repair  is  carried  out  by  a  battery  of  specialized  enzymes  which  can 
recognize  the  mismatch,  excise  the  incorrect  base,  and  replace  it  with  the 
correct  nucleotide.  But  how  does  the  repair  ccnplex  recognize  v^ich  base  in  a 
misinatch  is  incorrect  and  thus  a  candidate  for  excision?  Tb  function  properly, 
the  cottplex  must  leave  the  parental  strand  intact  v\^ile  correcting  the  mutated 
base  in  the  daughter  strand.  Padding  (GM30488,  0^3504)  suggested  in  1980  that 
methylation  might  provide  the  basis  for  strand  discrimination  because  newly- 
synthesized  strands  are  unmethylated.  Several  lines  of  evidence  support  this 
hypothesis  for  E.  coli.  For  exanple;  the  dam  gene  product,  a  methylase, 
attaches  methyl  groups  to  newly-syntheszed  EJsIA  strands  at  sites  containing  the 
nucleotide  sequence  G-A-T-C.  Mutants  deficient  in  the  dam  methylase  are  unable 
to  repair  mismatches  properly. 

These  suggestive  studies  have  proipted  much  research  into  the  role  of  methy- 
lation of  DNA  and  into  hew  the  repair  corplex  works.  Hcwever,  progress  has 
been  slow  because  no  sinple  assay  for  repair  has  been  available.  A  sirtple 
exanple  illustrates  the  problem.  The  replication  ccxrplex  is  ranarkably  faith- 
ful, generating  mismatches  in  only  1  in  10^  to  10^  bases.  An  E.  coli  chrcstiosane 
contains  4  million  bases,  so  one  could  expect  only  four  errors  for  each  cell 
cycle.  Testing  cells  for  such  infrequent  events  has  been  both  difficult  and 
inprecise. 

Dr.  Paul  Modrich  has  recently  ccrribined  his  genetic  and  biochatdcal  expertise  to 
develop  an  in  vitro  assay  for  mismatch  repair.  As  a  biochanist,  he  was  inter- 
ested in  studying  the  enzymes  used  for  repair  but  recalled  the  admonition  of 
one  of  his  professors — "Never  look  for  a  protein  unless  you  have  a  sinple 
assay"!  As  a  geneticist.  Dr.  Modrich  was  irtpressed  with  the  elegance  of  molecu- 
lar genetics  techniques.  The  system  that  grew  out  of  Dr.  Modrich 's  studies  is 
based  on  the  observation  that  recognition  sites  for  EcoRI  restriction  endonu- 
clease  are  resistant  to  cleavage  v^hen  they  contain  mismatches.  Dr.  Modricfh, 
utilizing  a  method  developed  by  Drs.  Dan  Nathans  and  David  Shortle  (GM  30649) 
prepared  bacteriophage  vhose  circular  DNA  contains  one  EcoRI  site  with  a  G-T 
mismatch.  After  exposure  to  the  mismatch  repair  system,  repaired  molecules  are 
susceptible  to  cleavage  by  the  endonuclease,  but  unrepaired  molecules  will 
remain  circular.  Thus,  Dr.  Modrich  can  assay  for  mismatch  repair  by  grcwing 
the  phage  in  the  E.  coli  strain  of  interest  and  then  assaying  for  linear  vs 
circular  phage  DNA  strands.  In  addition.  Dr.  Modrich  was  able  to  control  the 
state  of  strand  methylation  by  propogating  the  bacteriophage  in  E.  coli  hosts 
with  varying  amounts  of  dam  gene  activity. 

Dr.  Modrich  screened  a  variety  of  E.  coli  mutants  to  test  the  accuracy  of  his 
assay.  MutH,  irutL,  nutS,  and  uvrE  mutants  have  high  mutation  rates  and  are 
defective  in  mismatch  repair.  After  the  assay  confirmed  these  findings. 
Dr.  Modrich  was  able  to  begin  assays  for  repair  enzymes. 

Sidney  Kashner  (GM  27997)  has  identified  the  uvrE  gene  product  to  be  a  helicase, 
one  of  the  topoiscmerases  responsible  for  the  topological  structure  of  OSIA. 
Dr.  Modrich  has  now  isolated  and  is  beginning  to  characterize  gene  products  of 
mutH,  mutL,  and  mutS.  He  has  already  shown  that  single-strand  binding  protein 
produced  by  the  ssb  gene  is  also  required  for  mismatch  correction  in  the  in 
vitro  system.  Thus,  the  assay  has  proved  of  great  importance.  For  the  first 
time,  scientists  can  determine  the  efficiency  of  a  mismatch  repair  systems  and 
can  isolate  and  purify  the  proteins  involved. 
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Results  of  studies  on  methylation  proved  very  interesting.  When  both  strands 
or  neither  strand  were  methylated,  mismatch  repair  was  very  inefficient — only 
30  percent  of  its  normal  value.  When  only  one  strand  was  methylated,  the 
efficiency  of  the  repair  complex  was  high.  These  results  support  the  hypothesis 
that  mismatch  repair  enzymes  require  one  methylated  DNA  strand  in  order  to 
function  properly. 

Previous  work  in  Dr.  Modrich's  laboratory  showed  that  mismatch  repair  is 
acconpanied  by  EWA  synthesis.  The  in  vitro  assay  system  has  allowed  Dr.  Modrich 
to  determine  that  this  synthesis  is  localized  to  specific  regions  of  the  DNA, 
presumably  to  the  regions  where  nucleotide  bases  are  being  replaced.  This 
evidence  suggests  that  mismatch  repair  involves  excision  of  several  bases,  not 
just  the  incorrect  base. 

These  findings — that  mismatch  repair  requires  both  localized  DNA  synthesis  and 
methylation  of  one  CWA  strand — is  surprising  because  the  G-A-T-C  site  where 
methylation  occurs  is  1,008  base  pairs  away  from  the  mismatch!  This  provocative 
finding  has  led  Dr.  Modrich  to  propose  that  the  repair  complex  binds  to  DNA  at 
the  mismatched  site  and,  while  remaining  bound  there,  processes  the  DNA 
until  it  finds  the  methylated  G-A-T-C  sequence.  The  new  strand  is  then  digested 
and  resynthesized  between  the  G-A-T-C  site  and  the  mismatch.  This  allows  the 
repair  complex  simultaneously  to  identify  parental  strand  and  to  correct  a 
mismatch. 

Dr.  Modrich's  assay  has  stimulated  much  research  in  repair  systems  and  has 
encouraged  scientists  to  develop  same  specific,  testable  models  of  how  mismatch 
repair  occurs.  Future  work  will  focus  on  identifying  the  enzymes  in  the  repair 
complex  and  on  elucidating  their  precise  mechanisms  of  action.  From  these 
studies,  scientists  hope  to  gain  a  better  understanding  of  how  biological 
systems  respond  to  and  correct  genetic  damage. 

7,  "Directed  Hcmologous  Reccmbination  in  Human  DNA,  and  Its  Relevance  to  Gene 
Therapy" 

ROl  GM  20069  (Smithies,  O. ) ,  University  of  Wisconsin 
ROl  GM  33943  (Kucherlapati,  R. ) ,  University  of  Illinois 

Over  3,000  human  disorders  caused  by  defects  in  single  genes  have  been 
identified,  and  at  least  1  out  of  every  100  babies  born  in  the  U.S.  is  affected 
by  one  of  these  genetic  disorders.  In  developed  countries,  nearly  50  percent 
of  all  infant  deaths  have  genetic  causes.  Despite  the  rapid  advances  in  our 
knowledge  of  genetics  and  the  development  of  technologies  to  identify  and  study 
genetic  disorders,  there  are  no  cures  for  any  genetic  disorders.  Medical 
support  is  currently  limited  to  treatment  of  the  symptons  of  only  a  few  of  the 
most  common  disorders. 

There  is  hope  that  the  situation  will  improve  in  the  future.  Drugs  made  by 
recombinant  DNA  techniques  are  currently  in  use;  a  few  genetic  disorders  can 
be  detected  and  even  treated  prenatally;  and  our  understanding  of  the  genetic 
bases  of  many  disorders  has  been  greatly  advanced  by  scientists  using  state- 
of-the-art  genetic  technologies.  It  is  not  surprising  that  many  researchers 
are  now  trying  to  utilize  the  concepts  and  technologies  of  modern  genetics  to 
attanpt  to  cure  genetic  disorders. 
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Curing  a  genetic  disorder  involves  replacing  the  defective  gene  with  a  normal 
one  in  some  or  all  of  the  body  cells.  There  are  many  variants  of  gene  replace- 
ment therapy,  some  of  which  are  currently  being  studied  in  animal  models.  Sane 
may  be  applied  to  huiten  disorders  within  a  few  years.  The  most  likely  procedure 
would  involve  transplants  of  genetically  modified  bone  marrow.  Many  disor- 
ders, such  as  the  thalassemias,  are  caused  by  defects  in  genes  which  are  ex- 
pressed in  the  bone  marrow  stem  cells.  The  symptans  of  other  disorders,  such 
as  adenosine  deaminase  deficiency  or  Lesch-Nyhan  syndrane,  might  be  relieved 
if  nonnal  genes  could  be  expressed  in  bone  marrow,  thereby  releasing  needed 
enzymes  into  the  circulation.  In  some  cases,  genetic  disorders  have  been 
successfully  treated  by  replacement  of  scxne  of  the  patient's  defective  marrow 
with  normal  marrow  fron  an  immunologically  compatible  individual.  The  most 
conmon  reason  for  failure  of  this  procedure  is  rejection  of  the  transplanted 
tissue  by  the  patient's  own  immune  system.  This  problem  could  be  avoided  by 
using  the  patient's  own  bone  marrow,  into  which  a  normal  gene  had  been  inserted. 
Although  it  is  an  important  first  step,  this  procedure  is  not  without  problems. 
One  of  the  most  important  problems  is  that  the  inserted  gene  may  randcmly 
integrate  into  the  patient's  own  chronosones ,  disrupting  normal  genes  or  regula- 
tory regions.  Uncontrolled  or  inapproporiately  regulated  expression  of  normal 
genes  could  be  as  serious  as  the  orginal  disorder. 

A  better  solution  would  involve  replacing  the  defective  genes  with  normal  ones. 
Safe  and  reliable  gene  replacement  therapy  requires  that  the  inserted,  normal 
gene  pair  and  recotibine  with  the  defective  gene,  specifically  replacing 
only  that  gene.  This  process — called  site-specific  recombination — resembles 
the  naturally  occurring  process  of  honologous  recombination.  Since  T.H. 
Morgan's  experiments  in  the  1910' s,  scientists  have  known  that  genes  on  homolo- 
gous chronosanes  can  recombine  by  exchanging  DNA  strands,  as  in  crossing-over. 
Sequences  on  DNA  fragments  may  also  integrate  into  regions  of  chroinoscanes  where 
the  DNA  sequences  are  very  similar.  Honologous  recombination  often  occurs 
naturally  but  is  not  understood  in  any  detail.  For  example,  we  know  that  lambda 
phage  reconbine  into  homologous  regions  in  the  E.  coli  chronoscme;  plasmids  do 
not  normally  integrate  into  the  bacterial  chrcroDscme;  and  Mu  phages  integrate 
nonspecifically  (i.e.  at  many  nonhonologous  sites).  The  reasons  for  these 
differences  in  recombination  styles  are  unknown  but  suggest  that  competing 
pathways  for  reconbination  in  bacteria  may  exist.  Understanding  and  eventually 
controlling  homologous  recombination  is  an  important  step  toward  replacing 
defective  genes  with  normal  ones. 

In  1977,  Richard  Axel  developed  a  system,  called  calcium  phosphate  transfection, 
for  inserting  fragments  of  DNA  into  eukaryotic  cells.  This  procedure  made  it 
possible  for  scientists  to  study  homologous  reconbination  in  cells  of  higher 
organisms.  Initial  results  were  as  conplex  as  those  fron  the  bacterial  system. 
Honologous  reconbination  occurred  in  fairly  high  frequency  in  yeast;  however, 
in  mammalian  cells,  the  frequency  appeared  to  be  very  low.  Recently,  several 
researchers — among  them,  Mario  Capecchi  (GM21168) — have  begun  to  define  the 
conditions  needed  to  obtain  homologous  reconbination  in  mammalian  systems. 
Their  studies  have  shown  that  in  carefully  designed  and  controlled  experiments, 
high  rates  of  homologous  reconbination  are  possible. 
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Building  on  this  work,  Drs.  Oliver  Smithies  and  Raju  Kucherlapati  have  recently 
conpleted  a  set  of  experiments  which  can  justifiably  be  called  a  significant 
breakthrough  in  gene  replacement  therapy  studies.  They  have  inserted  a 
beta-globin  gene  into  a  naturally-occurring,  predetermined  site  in  a  human 
chronosotie  • 

Ihe  system  is  ccsnplex,  but  several  important  features  stand  out  and  are 
illustrated  in  the  figure  below. 


d 


z&= 


^0 


Xbal   BstXI 


~C2iPneo~ 


D 


PLASMID 


Xbal 


-H- 


BstXI 
11.1  kb 


Xbal 


BstXI 


xEal 


Xbal  BstXI   Xbal 


NORMAL 
CHROMOSOME  11 


MODIFIED 

Chromosome  ii 


■16.5  kb 


^^ 7 .7  kb ^ 


1.  The  recipient  cells  were  mouse/human  hybrids,  in  which  most  human  DNA 
had  been  eliminated.  The  only  human  DNA  in  the  cells  was  an  X  chromosome 
onto  which  a  portion  of  chronoscme  11  had  been  attached.  The  target  se- 
quence, contained  in  the  globin  gene  region  (both  alpha  and  beta  genes 
are  present) ,  was  on  the  chrcmosome  11  portion  of  the  chrcmoscme.  These 
cells  express  the  human  adult  beta-globin  chain  at  high  levels. 

2.  A  new  technique,  called  electroporation,  was  used  to  insert  the  vectors, 
such  as  plasmids,  into  the  cells.  This  procedure,  developed  largely  by 
Drs.  Huntington  Potter  and  David  Dressier  (GM17088)  uses  an  electric  shock 
to  introduce  transient  holes  in  the  cell  membrane,  vectors  can  be  taken  up 
in  this  brief  time.  The  technique  is  much  more  reliable  than  other  proce- 
dures for  inserting  one,  and  only  one,  vector  into  each  recipient  cell. 

3.  The  beta-globin  gene  to  be  inserted  into  the  chromosome  was  inconplete 
and,  if  expressed,  would  produce  a  shortened  globin  chain.  While  the  short 
chain  might  not  be  functional,  it  could  serve  as  a  marker  to  determine  if 
the  inserted  genes  were  expressed. 
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4.  The  plasmid  contains  a  gene  (neo)  which  confers  neonycin  resistance  to 
the  cell.  Normally,  cells  are  killed  by  exposure  to  this  drug,  but  cells 
which  had  integrated  the  plasmid  were  resistant.  This  enabled  Drs.  Smithies 
and  Kucherlapati  to  detect  the  total  number  of  integrations,  both  specific 
(at  the  target  sequence)  and  nonspecific  (at  other  sequences). 

5.  The  beta  sequences  on  the  plasmid  and  the  chroraoscmal  DNA  provided  a 
region  of  homology  which  directed  the  plasmid  to  the  target  site.  Cutting 
the  plasmid  at  the  BstXI  restriction  site  before  inserting  it  into  the 
cells  facilitated  reccmbination  at  the  BstXI  site. 

6.  The  BstXI  target  sequence  is  flanked  by  two  Xbal  restriction  enzyme 
sites.  The  Xbal  sites  are  11.1  kb  apart  in  the  normal  chronosone.  There- 
fore, treatinent  of  the  normal  DNA  with  Xbal  restriction  enzyme  yields  an 
11.1  kb  fragment,  detectable  by  gel  electrophoresis.  However,  when  the 
plasmid,  which  contains  another  Xbal  site,  is  inserted  at  the  target  site, 
the  composite  chronosome  contains  three  Xbal  sites.  Integration  of  the 
plasmid  at  the  correct  site  could  be  assayed  by  the  presence  of  two  Xbal 
fragments,  one  16.5  kb  long  and  the  other  7.7  kb  long. 

7.  The  frequency  of  site-specific  integration  could  be  calculated  by 
comparing  the  nijnber  of  cells  containing  the  two  Xbal  fragments  (site- 
specific  integrations)  to  the  number  of  cells  which  were  converted  to 
necfnycin  resistance  (nonspecific  integration). 

The  experiments  were  conplicated  and  lengthy  but  definitive.  As  expected,  the 
plasmid  was  capable  of  integrating  into  the  chrcxtiosomes  at  many  sites;  however, 
the  frequency  of  site-specific  integration  was  far  above  that  expected  by 
chance.  Site-specific  integrations  occurred  with  a  frequency  between  1/200  and 
1/1000.  Only  one  copy  of  the  plasmid  was  integrated  in  each  cell.  Further,  it 
appears  that  the  inserted  DNA  sequences  were  capable  of  being  expressed;  however, 
definitive  studies  to  determine  if  the  shortened  beta-globin  chain  was  made  are 
not  yet  conplete. 

These  experiments  establish  that  a  planned  modification  of  a  specific  human 
gene  can  be  acconplished  without  disrupting  the  remainder  of  the  gencsrte  and  can 
preserve  the  ability  of  the  integrated  genes  to  be  expressed.  They  foster  the 
hope  that  specific,  planned  modifications  of  the  beta-globin  locus  in  bone 
marrow  cells  will  be  feasible  as  a  treatment  of  patients  with  genetic  disorders 
such  as  thalassemia  and  sickle  cell  anemia.  This  work  is  clearly  a  breakthrough 
in  achieving  that  distant  goal. 

D.  Extranuclear  Inheritance 

1 .  Overview 

Not  all  of  the  genetic  infonnation  of  an  organism  is  localized  to  chroTKDScraes 
of  the  nucleus.  DNA  is  also  found  in  seme  cytoplasmic  organelles,  notably  in 
mitochondria,  the  cell's  centers  for  energy  production,  and  in  plant  chloro- 
plasts,  which  carry  out  photosynthesis.  These  are  organelles  which  grow  and 
divide,  and  whose  DNA  replicates  in  a  manner  similar  to  that  of  chrcmoscmal  DNA. 
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Female  gametes,  such  as  the  mammalian  egg  and  plant  ovum,  are  rich  in  cytoplasm 
and  cytoplasmic  organelles.  Sperm  or  pollen  contain  little  or  no  cytoplasm. 
Thus,  at  the  time  of  fertilization,  the  male  gaitete  usually  contributes  few  if 
any  mitochondria  or  chloroplasts  to  the  new  organism.  Thus,  since  genetic 
traits  carried  on  the  mitochondrial  or  chloroplast  DNA  are  transmitted  via  the 
maternal  gamete,  this  type  of  inheritance  is  scaiietimes  referred  to  as  maternal, 
or  cytoplasmic,  inheritance. 

However,  most  of  the  proteins  found  in  mitochondria  and  chloroplasts  are 
specified  by  nuclear  genes.  It  is  still  a  mystery  why  a  few  proteins  are 
specified  by  the  organelles  thonselves  and  are  made  in  situ  (in  place),  while 
most  are  specified  by  the  nuclear  chranosorves ,  made  in  the  cytoplasm,  and 
transported  to  specific  sites  in  organelles.  The  mechanism  of  this  transport 
fran  cytoplasm  to  organelle  is  the  topic  of  Section  Three  of  this  group  of  high- 
lights. It  turns  out  that  there  are  "leader  peptides"  which  target  proteins  to 
sites  on  mitochondria  and  chloroplasts.  Higher  plants  serve  as  particularly 
useful  models  for  studying  targeting  of  proteins  to  organelles. 

Cashmore  has  found  that  he  can  engineer  genes  and  transform  plants  to  produce 
new  proteins  in  response  to  regulatory  signals  such  as  light.  Similar  to  the 
work  in  animal  systems  and  mitochondria,  he  can  target  these  proteins  to  chloro- 
plasts if  the  transforming  DNA  contains  sequences  specifying  leader  peptides. 

In  summary,  much  work  is  now  underway  to  seek  greater  understanding  of  many 
facets  of  extranuclear  inheritance.  It  is  highly  likely  that  seme  human  genetic 
diseases  will  be  traced  to  defects  in  mitochondrial  DNA,  or  defects  of  mitochon- 
drial protein  transport.  Although  not  described  below,  many  population  geneti- 
cists are  beginning  to  study  variants  of  mitochondrial  DNA  as  tools  for  under- 
standing genetic  diversity  within  and  among  populations.  Furthermore,  work  on 
plants  has  dertonstrated  that  a  thorough  understanding  of  the  relationship  of 
the  nuclear  and  extranuclear  genes  is  required  to  engineer  variations  in  photo- 
synthetic  organelles.  This  work  with  plants  has  obvious  implications  for 
similar  manipulations  of  animal  cells. 

2.   "Identification  of  Six  New  Genes  in  the  Human  Mitochondrial  Genotie" 
ROl  11726  (Attardi,  Guiseppi),  California  Institute  of  Technology 

Mitochondria,  the  organelles  responsible  for  cellular  respiration,  contain 
their  own  DNA.  In  mammals  that  have  been  studied,  the  mitochondrial  DNA  (mtONA) 
is  in  the  form  of  circles  consisting  of  approximately  16,000  base  pairs.  The 
complete  mouse,  bovine,  and  human  mtDNA  sequences  have  been  determined  and  were 
found  to  be  similar  in  their  gene  organization.  Each  mammalian  mtDNA  molecule 
contains  genes  for  each  of  the  two  mitochondrial  ribosonal  RNAs  and  for  22 
mitochondrial  transfer  RNAs.  There  are  also  13  genes  which,  based  on  their 
sequences,  are  thought  to  code  for  proteins.  The  proteins  encoded  by  five  of 
these  genes  were  deduced  fran  their  honology  to  yeast  mitochondrial  genes  which 
had  been  identified  by  biochemical  and  genetic  analyses.  identification  of 
these  genes  in  mairanalian  mtDNA  was  subsequently  confirmed  by  the  reaction  of 
specific  antibodies  with  the  products  of  these  genes.  The  structural  genes 
which  have  been  identified  in  this  way  include  cytochrome  oxidase  subunits  I, 
II,  and  III,  ATPase  subunit  6,  and  apocytochrome  b. 
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The  roTiaining  eight  putative  protein-coding  genes  have  no  obvious  hcmology  to 
yeast  mitochondrial  genes.  They  are  known  as  unidentified  reading  frames 
(URFs).  Reading  frames  are  DNA  sequences  that  contain  appropriate  start  and 
stop  signals  and  have  three-nucleotide  codons  that  correctly  specify  amino 
acids.  Most  of  the  URFs  are  known  to  be  transcribed  into  RNA.  The  proteins 
they  encode  would  be  very  hydrophobic,  most  likely  enzyme  complexes  located  in 
the  inner  membrane  of  mitochondria. 

A  group  of  investigators,  including  Guiseppi  Attardi,  have  recently  identified 
the  products  of  six  of  the  remaining  URFs  from  human  mtDNA.  This  advance  will 
add  substantially  to  our  understanding  of  mitochondrial  biogenesis  and  has 
interesting  implications  for  the  evolution  of  the  mitochondrial  gencme. 

Dr.  Attardi 's  group  speculated  that,  among  the  enzyme  conplexes  of  the  inner 
mitochondrial  membrane,  the  NADH  dehydrogenase  conplex  (also  called  NADH- 
ubiquinone  oxidoreductase)  seemed  to  be  a  good  candidate  for  containing  sane  of 
the  URF  products.  This  complex,  which  is  part  of  the  respiratory  chain,  is 
made  up  of  a  shell  of  approximately  15  hydrophobic  polypeptides  surrounding  a 
core  containing  the  NADH  dehydrogenase  enzyme.  Based  on  several  lines  of 
evidence.  Dr.  Attardi  and  his  colleagues  have  demonstrated  that  six  URFs  encode 
six  cotiponents  of  the  NADH  dehydrogenase  complex. 

First,  they  tested  the  idea  that  the  URF  products  are  in  fact  part  of  a  protein 
complex.  To  do  this,  they  obtained  peptides  synthesized  by  several  of  the  URF 
genes  and  raised  antisera  against  than.  Each  antiserum  precipitated  not  only 
the  peptide  against  which  it  was  raised,  but  also  the  products  of  the  other 
URFs.  This  suggested  that  the  URF  products  are  associated  with  each  other  in 
some  sort  of  complex. 

Next,  they  incubated  cells  with  radioactive  protein  precursors  under  conditions 
where  cytoplasmic  protein  synthesis  is  blocked  but  mitochondrial  protein  synthe- 
sis proceeds.  The  mitochondria  were  then  isolated  and  solubilized  to  release 
the  membrane  proteins.  The  proteins  were  allowed  to  react  with  antiserum 
raised  against  a  highly  purified  preparation  of  the  native  bovine  NADH  dehydro- 
genase complex.  The  antiserum  reacted  specifically  with  the  products  of  six 
URFs,  causing  each  to  precipitate.  The  precipitated  URF  products  which  had 
incorporated  radioactive  label  could  be  detected  after  electrophoresis.  The 
antiserum  did  not  react  with  other  mtDNA  gene  products,  including  cytochrome 
oxidase  subunits  I,  II,  and  III.  And  as  expected,  antiserum  against  the  cyto- 
chrome oxidase  subunits  did  not  react  with  the  URF  gene  products.  These  results 
demonstrated  that  the  NADH  dehydrogenase  ccxnplex  contains  polypeptides  encoded 
by  six  of  the  mtDNA  URFs. 

As  further  evidence  that  the  URFs  encode  polypeptides  in  the  NADH.  dehydrogenase 
complex.  Dr.  Attardi  and  his  colleagues  subjected  the  newly  synthesized  URF 
products  to  a  fractionation  scheme  designed  to  separate  various  mitochondrial 
membrane  proteins.  Detectable  levels  of  NADH  dehydrogenase  enzyme  activity 
correlated  only  with  those  fractions  that  contained  URF  products. 
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The  molecular  weights  of  the  URF  products  shown  to  be  a  part  of  the  NADH 
dehydrogenase  canplex  are  51,000  daltons,  36,000-39,000  daltons,  25,000  daltons, 
24,000  daltons,  6,000  daltons,  and  3,500  daltons.  These  are  in  reasonable 
agreement  with  the  molecular  weights  reported  for  sane  of  the  proteins  in  the 
bovine  NADH  dehydrogenase  canplex.  Dr.  Attardi's  group  believes  that  at  least 
some  of  the  URF  products  are  part  of  the  shell  of  hydrophobic  proteins  surround- 
ing the  catalytic  subunits. 

It  is  of  interest  that  yeast  mtDNA  does  not  contain  any  genes  hotiologous  to  the 
mammalian  mtEXvIA  URFs  that  encode  canponents  of  the  NADH  dehydrogenase  complex. 
The  absence  of  these  genes  in  yeast  may  relate  to  the  structural  and  functional 
differences  that  have  been  observed  in  the  NADH  dehydrogenase  region  of  the 
respiratory  chain  in  yeast  conpared  to  that  of  mammals.  Alternatively,  it  is 
possible  that  in  yeast  some  or  all  of  the  NADH  dehydrogenase  polypeptides  are 
encoded  in  the  nucleus  and  are  transported  to  the  cytoplasm.  The  finding  of 
variability  in  the  genetic  control  of  NADH  dehydrogenase  in  different  organisms 
extends  similar  observations  previously  made  on  another  mitochorKirial  enzyme 
complex,  H'^-ATPase  complex.  It  also  suggests  that  mitochondrial  evolution 
might  have  followed  very  different  pathways  in  different  organisms.  In  sane 
organisms,  genes  encoding  mitochondrial  proteins  are  located  in  the  mitochon- 
drial genane,  while  in  others,  the  homologous  genes  are  located  in  the  nuclear 
genome.  The  significance  of  such  partitioning  remains  to  be  determined. 

3.   "Premising  Leads  in  Understanding  Leader  Sequences  of  Mitochondrial  Proteins" 
P50  GM  32156  (Rosenberg,  L. ) ,  ROl  GM  34433  (Horwich,  A.),  ROl  GM  29765, 
ROl  GM  33904  (Mellman,  I.),  Yale  University 

Although  mitochondria  have  their  own  DNA  and  protein  synthesizing  machinery, 
nearly  all  of  the  several  hundred  proteins  contained  in  mitochondria  are  encoded 
by  nuclear  DNA  and  are  synthesized  in  the  cytoplasm.  A  question  of  current 
major  interest  is  how  these  proteins  find  their  way  to  the  mitochondria  and, 
once  there,  how  they  end  up  in  the  correct  part  of  this  canplex  organelle. 
Targeting  of  mitochondrial  proteins  is  unlike  that  of  proteins  destined  for 
lysoscmes,  cellular  raen±)ranes,  or  extracellular  transport.  The  latter  are 
synthesized  on  membrane-bound  polyribosones  and  are  inserted  into  the  cisternae 
of  the  endoplasmic  reticulum  for  transport.  In  contrast,  nuclear-encoded 
mitochondrial  proteins  are  synthesized  on  free  ribosones  and  are  subsequently 
released  into  the  cytoplasm  for  import  by  the  mitochondria.  Understanding  how 
proteins  are  targeted  to  mitochondria  is  of  more  than  academic  interest,  since 
there  is  a  suspicion  that  certain  inborn  errors  of  metabolism  may  be  due  to 
defects  in  protein  targeting  to  mitochondria. 

For  many  years  Dr.  Leon  Rosenberg  has  been  studying  various  aspects  of  the 
synthesis,  regulation,  transport,  and  processing  of  the  protein  ornithine 
transcarbamylase  (OTC) ,  which  is  a  liver  mitochondrial  enzyme  involved  in  the 
synthesis  of  urea  and  the  detoxification  of  ammonia.  Patients  without  function- 
al OTC  often  die  in  infancy  fron  a  buildup  of  ammonia.  Sane  of  these  patients 
do  not  synthesize  OTC,  others  make  non- functional  OTC,  and  still  others  probably 
make  OTC  that  does  not  get  into  their  mitochondria. 
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Dr.  Rosenberg,  in  collaboration  with  Dr.  Arthur  Horwich,  a  former  postdoctoral 
trainee  (T32  GM  07439)  in  his  laboratory,  and  Dr.  Ira  Mellman,  have  reported 
significant  progress  in  understanding  how  OTC,  and  probably  other  mitochondrial 
proteins,  are  targeted.  (Drs.  Horwich  and  Mellman  are  supported  by  the  Cellular 
and  Molecular  Basis  of  Disease  Program. )  It  was  shown  previously  that  OTC  is 
conposed  of  three  identical  subunits,  which  are  synthesized  as  larger  precur- 
sors. Import  of  the  precursors  involves  specific  binding  by  receptor  molecules 
present  in  the  outer  mitochondrial  membrane  and  translocation  through  the 
mitochondrial  membranes  by  an  energy-requirirg  process.  Inside  the  mitochon- 
dria, enzymatic  removal  of  a  32-amino  acid  leader  sequence  at  the  amino-terminal 
end  of  the  subunits  and  asseannbly  of  the  three  mature  subunits  produce  an  active 
enzyme.  It  was  also  shown  that  the  precursor  containing  the  leader  sequence  is 
taken  up  by  isolated  mitochondria,  but  the  corresponding  mature  protein,  lacking 
the  leader  ° sequence,  is  not  taken  up.  It  therefore  seems  certain  that  the 
leader  sequence  is  required  for  recognition. 

Drs.  Rosenberg  and  Horwich  and  members  of  their  laboratories  compared  the 
leader  sequence  of  human  OTC  with  the  leader  sequences  of  mitochondrial  enzymes 
fran  yeast,  Neurospora,  and  rat.  Although  the  leader  sequences  do  not  have  any 
sequence  homology,  they  do  share  several  features  in  their  amino  acid  canposi- 
tion.  The  leaders  contain  no  stretches  of  hydrophobic  amino  acids,  a  character- 
istic of  "signal"  sequences  of  secreted  proteins.  They  are  devoid  of  acidic 
residues  which  are  present  in  the  coding  sequence.  And  they  contain  an  average 
number  of  basic  amino  acids  when  compared  with  other  eukaryotic  proteins. 

To  define  further  the  characteristics  of  the  leader  sequence  required  for 
mitochondrial  import,  Drs.  Rosenberg,  Horwich,  and  Mellman  and  their  associates 
developed  a  clever  cell  culture  system  capable  of  expressing  OTC.  Since  OTC  is 
only  expressed  in  significant  amounts  in  intact  liver,  a  cell  culture  systam 
had  not  been  available  before.  Their  strategy  involved  constructing  a  plasmid 
containing  the  OTC  gene  joined  to  the  dihydrofolate  reductase  (DHFR)  gene 
and  viral  regulatory  sequences,  transfecting  HeLa  cells  with  the  hybrid  ESSIA 
sequence,  and  selecting  for  DHFR  gene  amplification  in  the  presence  of  metho- 
trexate. As  the  gene  for  IMFR  became  amplified  under  these  conditions,  so  did 
the  gene  for  OTC.  In  cells  containing  the  amplified  OTC  gene,  OTC  enzymatic 
activity  was  conparable  to  that  in  normal  human  liver,  and  OTC  was  found 
to  be  localized  correctly  in  mitochondria. 

Using  this  system,  they  showed  that  when  they  substituted  the  amino  acid  analog 
canavanine  for  the  positively  charged  arginine  residues,  of  which  there  are 
four  in  the  leader  sequence,  OTC  was  not  taken  up  by  the  mitochondria.  In 
contrast,  when  they  substituted  an  analog  for  the  neutral  amino  acids  phenyla- 
lanine and  methionine,  of  which  there  are  six  in  the  leader  sequence,  OTC 
uptake  was  normal.  These  results  suggested  that  the  arginine  residues  in  the 
leader  sequence  are  required  either  for  the  import  of  the  OTC  precursor  into 
the  mitochondria  or  for  the  removal  of  the  leader  sequence  once  the  precursor 
was  taken  up. 

Three  possible  explanations  exist  for  the  role  of  the  arginines  in  the  leader 
sequence.  First,  the  positive  charge  of  arginine  itself  may  be  important  for 
recognition.  Second,  the  particular  sequences  of  which  the  arginines  are  a 
part  may  be  required.  And  third,  the  conformation  of  the  leader  sequence  may 
be  changed  by  an  amino  acid  substitution,  making  the  sequence  non-functional. 
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Experiments  in  progress  using  site-directed  mutagenesis  to  engineer  OTC  precur- 
sors with  substitutions  for  specific  amino  acids  in  the  leader  sequence  should 
show  which  of  these  explanations  is  correct. 

A  long-term  goal  of  Dr.  Rosenberg's  laboratory  is  the  clinical  diagnosis  and 
treatment  of  OTC  defects  and  other  inherited  metabolic  diseases.  He  and  his 
colleagues  are  pursuing  this  goal  by  analyzing  DMA  from  patients  deficient  in 
OTC  to  define  the  molecular  nature  of  specific  mutations.  The  studies  described 
in  this  Highlight  will  complement  that  effort  by  suggesting  possible  mutations 
in  the  leader  sequence  that  may  be  associated  with  OTC  deficiencies. 

4.  "Manipulation  of  Plant  Genetic  Systems" 

ROl  GM  31137  (Cashmore,  A.R. ),  Rockefeller  University 

A  major  recent  advance  in  the  field  of  plant  molecular  genetics  has  been  the 
successful  development  of  the  Agrobacter ium-med iated  transformation  system. 
Agrobacterium  is  a  soil  microorganism  which  infects  wound  sites  and  causes  a 
tumorous  disease  known  as  crown  gall  in  many  dicotyledonous  plants.  This 
infection  is  an  example  of  naturally  occurring  gene  transfer  in  that  genetic 
material  is  passed  from  the  bacterium  into  the  plant  where  it  integrates  into 
the  chronosonal  E»^A.  During  the  last  decade  a  few  groups  of  plant  molecular 
biologists  in  the  United  States  and  Europe  have  intensively  studied  the  molecu- 
lar mechanism  of  certain  aspects  of  this  gene  transfer.  These  studies  have 
culminated  in  the  developnent  of  procedures  whereby  it  is  now  possible  to 
introduce  probably  any  gene  of  choice  into  plants  susceptible  to  Agrobacterium. 
Furthermore,  modified  Agrobacterium  vectors  have  now  been  developed  which  still 
mediate  gene  transfer  but  no  longer  induce  the  tumorous  state.  These  develop- 
ments, conbined  with  the  fact  that  single  cells  fron  many  plant  species  can  be 
regenerated  into  plants,  set  the  stage  for  a  new  era  in  the  manipulation  of 
plant  genetic  systems. 

Given  that  we  can  introduce  foreign  genes  into  plants,  it  is  appropriate  to  ask 
whether  these  genes  will  be  expressed  and  if  so  is  it  possible  to  manipulate 
their  expression.  Similarly,  we  can  ask  v^^ere  in  the  cell  will  the  polypeptides 
encoded  by  these  genes  reside,  and  is  it  possible  to  determine  genetically 
the  sites  of  residence  of  these  polypeptides.  Dr.  Anthony  Cashmore's  laboratory 
has  addressed  these  questions  in  collaborative  research  projects  with  the 
laboratory  of  Marc  Van  Montagu  and  Jeff  Schell  in  Belgium. 

The  genes  of  primary  interest  in  Dr.  Cashmore's  laboratory  are  nuclear  genes 
encoding  polypeptide  conponents  of  chloroplast  proteins.  These  polypeptides 
are  the  small  subunit  of  ribulose-l,5-bisphosphate  carboxylase  (rbcS)  and  the 
constituent  polypeptides  (CAB)  of  the  light-harvesting  chlorophyll  a/b  protein 
complex.  The  nuclear  genes  encoding  these  polypeptides  exhibit  interesting 
regulatory  characteristics  including  the  fact  that  they  are  specifically  ex- 
pressed in  leaf  tissue  and  they  are  induced  by  light.  An  experiment  was 
carried  out  aimed  at  defining  the  region  of  the  rbcS  gene  which  conferred 
light-inducibility.  A  chimeric  gene  was  constructed  in  v^^ich  a  prcrroter 
fragment  from  a  pea  rbcS  gene  was  fused  to  a  bacterial  gene  encoding  chloram- 
phenicol acetyl  transferase  (CAT).  Agrobacterium  was  used  to  introduce  this 
chimeric  gene  into  tobacco  cells  and  the  resulting  transformed  callus  tissue 
was  grown  either  in  the  dark  or  the  light.  The  chimeric  gene  was  shown  to  be 
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expressed  in  the  light-grown  tissue  but  not  in  the  dark-grown  tissue.  Thus 
the  experiment  iDoth  defined  the  region  of  the  rbcS  gene  responsible  for  confer- 
ring light-inducibility  and  demonstrated  for  the  first  time  that  it  is  possible 
to  manipulate  the  expression  characteristics  of  foreign  genes  in  plant  cells. 

Dr.  Cashmore's  laboratory  has  extended  these  studies  to  further  define  the 
nature  of  the  rbcS  regulatory  sequences  responsible  for  light-inducibility. 
It  was  shown  that  these  regulatory  sequences  have  characteristics  similar  to 
the  enhancer  sequences  which  regulate  the  expression  of  certain  animal  cell 
genes  including  immunoglobulin  and  steroid-induced  genes.  Of  particular 
interest  was  the  demonstration  that  by  fusion  to  a  heterologous  prcanoter,  the 
rbcS  regulatory  sequences  confer  the  ability  to  pronote  light-inducibility. 
Specifically,  the  regulatory  sequences  from  the  rbcS  pronoter  were  fused  to 
the  pronoter  for  the  nopal ine  synthase  gene.  The  nopal ine  synthase  prcanoter 
normally  promotes  constitutive  expression.  However,  the  fusion  prranoter 
containing  the  rbcS  regulatory  sequences  was  shown  to  have  acquired  the 
ability  to  pronote  light-inducibility  in  a  manner  not  significantly  different 
frcm  the  rbcS  pronoter.  The  significance  for  plant  genetic  engineering  of 
this  demonstration  is  that  one  now  has  the  ability  to  confer  additional 
regulatory  characteristics  to  genes  by  using  these  enhancer-like  sequences. 
Almost  certainly  other  plant  genes  will  be  regulated  by  similar  enhancer-like 
sequences,  and  these  also  will  prove  useful  tools  in  the  future  manipulation  of 
plant  genetic  systems. 

With  the  use  of  "disarmed"  Agrobacterium  vectors  it  is  possible  to  introduce 
genes  into  plant  cells  without  inducing  tumors,  and  with  certain  plant  cells  it 
is  possible  to  regenerate  plants  fron  these  trans formants.  In  these  regenerated 
plants  one  can  look  for  tissue-specific  expression  of  introduced  genes.  By 
these  procedures  a  chimeric  gene  containing  a  pea  CAB  gene  promoter  joined  to  a 
bacterial  gene,  neonycin  phosphotransferase  (NPT) ,  was  introduced  into  tobacco 
plants.  Tissue  specific  expression  of  this  bacterial  gene  was  found.  The 
chimeric  gene  is  expressed  strongly  in  leaf  tissue  and  not  in  root  tissue. 
Thus,  in  addition  to  being  able  to  confer  light- regulated  expression  to  foreign 
genes,  this  experiment  demonstrates  the  ability  to  confer  tissue  specific 
expression. 

Both  the  rbcS  and  the  CAB  polypeptides  are  synthesized  outside  the  chloroplast 
on  cytoplasmic  ribosanes.  The  primary  products  of  synthesis  are  precursor 
polypeptides  characterized  by  amino  terminal  extensions  referred  to  as  transit 
peptides.  These  transit  peptides  (analogous  to  leader  sequences  of  precursors 
of  mitochondrial  proteins.  See  D  3)  mediate  the  import  of  the  precursors  into 
chloroplasts.  It  was  of  interest  to  determine  if  these  transit  peptides  could 
be  utilized  to  mediate  the  import  of  foreign  polypeptide  into  chloroplasts. 
Dr.  Cashmore's  laboratory  constructed  a  chimeric  gene  in  which  the  rbcS  pronoter 
and  the  coding  region  for  the  transit  peptide  were  fused  to  the  bacterial  NPT 
gene.  This  chimeric  gene  encodes  a  polypeptide  in  which  the  rbcS  transit 
peptide  is  fused  to  the  amino  terminus  of  the  NPT  protein.  This  gene  was 
introduced  into  tobacco  cells,  and  transformed  photosynthetic  tissue  was  gen- 
erated. They  then  isolated  chloroplasts  frcm  this  tissue  and  assayed  for 
activity.  These  chloroplasts  contained  NPT  activity  in  contrast  to  chloroplasts 
from  tissue  transformed  with  an  NPT  chimeric  gene  lacking  the  rbcS  transit 
peptide.  The  experiment  clearly  demonstrated  that  it  is  possible  to  manipulate 
genetically  the  transport  characteristics  of  foreign  proteins  in  plant  cells. 
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The  experiment  concerned  the  bacterial  protein  NPT;  however  it  should  be  possi- 
ble to  manipulate  in  a  similar  way  the  import  into  chloroplasts  of  agricultural- 
ly important  proteins  such  as  those  conferring  resistance  to  herbicides.  Such 
experiments  are  in  progress  in  Dr.  Cashmere's  laboratory. 

In  conclusion,  it  was  shown  that  it  is  possible  to  manipulate  the  expression 
characteristics  of  foreign  genes  in  plants.  It  was  demonstrated  that  photo- 
regulation  of  plant  genes  is  mediated  by  sequences  similar  to  animal  enhancer 
sequences.  These  regulatory  sequences,  like  the  animal  enhancer  sequences, 
have  the  ability  to  confer  regulation  via  heterologous  protraters.  Probably 
other  plant  genes  are  also  regulated  by  enhancer-like  sequences.  These  se- 
quences will  prove  to  be  powerful  tools  in  conferring  additional  regulatory 
characteristics  to  genes  under  the  control  of  plant  pronoters.  Finally,  the 
Cashmore  laboratory  has  shown  that  it  is  possible  to  engineer  genetically  the 
transport  characteristics  of  polypeptides  in  plants. 

E.  Control  of  Gene  Expression  and  RNA  Splicing 

1.  Overview; 

Much  progress  has  been  made  in  the  past  several  years  in  understanding  the 
mechanisms  that  regulate  the  expression  of  genes.  In  this  section,  two  major 
areas  of  research  are  discussed.  The  first  relates  to  the  tranendous  accumu- 
lation of  infonnation  about  RNA  splicing,  a  process  by  which  portions  of  a 
newly  synthesized  RNA  molecule  are  selectively  removed.  Although  molecular 
biologists  have  identified  several  distinct  types  of  RNA  splicing  reaction, 
it  is  likely  that  they  all  in  some  way  regulate  gene  expression. 

The  second  area  involves  research  on  the  proteins  and  other  factors  which 
turn  genes  on  ard  off.  Recent  work  on  Xenopus  shows  that  several  proteins 
form  a  complex  which  regulates  gene  activity  by  binding  to  sites  on  the 
DNA.  In  several  viral  and  bacterial  systems,  investigators  have  described 
by  crystallography  the  interaction  of  proteins  with  DNA  at  the  atcxtiic  level. 
Of  great  interest  is  the  canmon  helical  structure  shared  by  all  the  DNa 
binding  proteins  so  far  crystallized. 

2.  "RNA  Splicing;  Three  Thanes  with  Variations" 

ROl  GM  28039  (Cech) ,  University  of  Colorado;  RDl  GM  33977  (Green),  Harvard 
University;  ROl  GM  32585  (Edmonds),  University  of  Pittsburgh;  ROl  GM  32467 
(Sharp),  Massachusetts  Institute  of  Technology;  ROl  GM  32511  (Peebles), 
University  of  Pittsburgh;  ROl  Q4  30579  (Matthews) ,  Cold  Spring  Harbor 
Laboratory 

Seme  of  the  most  exciting  activity  in  molecular  biology  today  is  occurring  in 
the  field  of  RNA  processing.  Much  of  this  work  has  been  presented,  discussed, 
and  coordinated  at  the  three  RNA  Processing  Meetings  at  Cold  Spring  Harbor 
which  were  sponsored  by  NIGMS.  At  the  second  of  these  meetings,  in  1984, 
Dr.  Cech  presented  the  evidence  for  "autocatalysis"  of  RNA,  a  discovery  which 
has  changed  our  view  of  enzymology  as  well  as  RNA  processing.  This  work  also 
dononstrated  the  careful,  elegant  manner  with  which  RNA  processing  is  being 
examined  by  investigators  in  this  field  and  the  fundanental  importance  of  their 
findings. 
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The  extent  and  significance  of  RNA  processing  was  appreciated  with  the  recogni- 
tion, about  5  years  ago,  that  the  coding  regions  of  many  eucaryotic  genes  are 
interrupted  by  stretches  of  noncoding  DMA  called  intervening  sequences  (IVS),  or 
introns.  These  introns  are  transcribed  as  part  of  precursor  RNAs  and  are 
subsequently  deleted  by  a  cleavage-ligation  process  termed  "RNA  splicing".  It 
is  premature  to  believe  we  have  a  final  count  of  the  ways  in  which  splicing  is 
achieved.  However,  on  the  basis  of  findings  of  the  past  three  years,  it  now 
appears  that  there  may  be  three  general  classes  of  RNA  splicing  reactions — one 
for  nuclear-encoded  mRNAs,  a  second  for  tRNASj  and  a  third  for  nuclear-encoded 
rRNAs  and  mitochondrial-encoded  mRNAs  and  rRNAs. 

These  three  classes  of  RNA  splicing  reaction  can  be  readily  distinguished  on 
the  basis  of  how  the  splice  sites  (the  phosphodiester  bonds  to  be  cleaved  and 
ligated)  are  specified.  A  summary  diagram  of  the  reactions  is  provided  below. 
An  appendix  is  attached  for  those  who  enjoy  looking  at  more  detail. 

in  addition  to  the  fundamental  discovery  that  certain  RNAs  can  function  as 
catalysts,  another  important  discovery  has  been  that  many,  if  not  all,  introns 
are  excised  as  circular  molecules,  in  seme  cases  referred  to  as  "lariats". 
This  discovery  resolved  a  "mystery"  v^ich  had  puzzled  investigators  for  some 
time.  Several  years  ago,  a  graduate  student  of  Dr.  Mary  Edmonds  (GM  32585)  had 
noted  that  a  species  of  RNA  found  in  the  nucleus  behaved  in  a  fashion  which 
could  best  be  explained  by  a  branched  structure.  The  chemical  structure  of 
this  branch  was  published  in  1983: 


N^-p-^x^; 


p_5  Y'*  _p 


3_p  Sv2'/ 

P-'Z^-P 


These  branched  structures  are  now  known  to  be  at  a  node  connecting  the  circular 
part  of  the  "lariat"  to  its  linear  portion.  The  discovery  of  branched  and 
circular  structures  has  altered  our  view  of  the  chemistry  and  function  of  RNAs 
in  cells  in  a  profound  way. 

The  three  forms  of  splicing  are  compared  and  contrasted  below. 

(1)  Nuclear  mRNA  Precursors 

For  nuclear-encoded  mRNA  precursors,  the  splice  sites  always  contain  a  sequence 
resembling 

5'- A  AgW  AGf.".»:°".(Py)6XCA^G  f  3' 


The  underlined  residues  are  invariant,  whereas  the  remainder  of  the  conserved 
sequence  displays  considerable  variation. 
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It  has  been  shown  in  the  gene  for/^-globin  that  this  pair  of  conserved  sequences, 
flanking  the  intron  on  both  sides,  includes  the  site  of  the  RNA  splices.  A 
variety  of  genetic  experiments,  including  base  changes,  insertions  and  deletions 
in  various  portions  of  the  exons  and  within  the  introns  have  pinpointed  the 
sequences  which  result  in  splicing. 

It  has  been  postulated  that  small  nuclear  ribonucleoproteins  (snRNPs)  recognize 
these  highly  conserved  sequences.  It  has  been  found  that  splicing  of  sane 
adenovirus  inRNAs  is  inhibited  by  anti-Ul-srtRNP  antibodies.  In  addition,  there 
is  now  direct  physical  evidence  of  selective  binding  of  the  Ul-snRNP  to  the  5' 
splice  site  of  an  artif  icial /^-globin  pre-nnRlSlA. 

It  has  also  been  postulated  that  heterogeneous  nuclear  RNA  (hnlRNA)  or,  when 
canplexed  with  protein,  heterogeneous  nuclear  ribonucleoprotein  (hnRNP)  may 
bring  the  5'  and  3'  splice  sites  near  each  other,  and  thus  allow  splicing  to 
proceed.  This  idea  may  serve  to  explain  why  certain  splice  sites  (cryptic 
splice  sites)  are  not  normally  utilized  despite  having  the  requisite  sequence, 
except  when  the  usual  splice  sites  are  inactivated  by  mutation.  Normally,  the 
usual  pair  of  splice  sites  are  brought  into  juxtaposition,  aided  by  hnRNA  or 
hnPyvlP.  When  the  mutation  precludes  this,  the  cryptic  splice  sites,  assumed  to 
be  more  buried  in  the  three-dimensional  mP^A  structure  and  thus  kinetically 
less  favored,  are  utilized  instead. 

Until  very  recently,  little  information  was  available  regarding  the  biochonical 
mechanism  of  nuclear  pre-mRNA  splicing.  Within  the  last  year,  however,  several 
research  groups  have  had  success  in  reproducing  this  finicky  reaction  in  vitro. 
Michael  Green  has  examined  the  excised  intron  from  human  ./3 -globin  mRNA  pre- 
cursor splicing  reactions.  These  introns  exhibit  several  unusual  properties: 
their  electrophoretic  mobility  is  anomalous,  primer  extension  is  blocked  at 
the  position  of  the  RNA  branch,  and  there  is  a  nuclease- resistant  ccmponent. 
In  vitro,  the  excised  IVS,  which  is  143  nucleotides  long,  is  slowly  converted 
to  a  130  nucleotide  RNA  product  which  still  exhibits  anonalous  electrophoretic 
mobility.  Both  products  are  in  the  form  of  "lariats". 

Dr.  Green  has  detected  and  partially  characterized  a  novel  RNA  processing 
enzyme  that  converts  these  RNA  lariats  to  linear  molecules  by  specific  cleavage 
of  the  2' , 5 ' -phosphod iester  bond  (see  diagram.  A).  The  activity  of  the  debranch- 
ing  enzyme  is  very  specific:  the  129  normal  3'  ,5'-phosphod iester  bonds  in  the 
130  nucleotide  RNA  are  left  intact  while  the  single  2' ,5'-phosphodiester  bond  is 
efficiently  cleaved.  Both  the  lariat  and  linear  RNA  forms  are  found  in  vivo. 
Regardless  of  its  biological  role,  the  enzyme  already  has  proven  enormously  use- 
ful in  experiments  aimed  at  characterizing  splicing  intermediates  and  products. 

(2)  tRNA  Precursors 

Unlike  mRNA  precursors,  tRNA  presursors  have  no  conserved  sequence  near  their 
splice  sites.  After  examining  conserved  sequences  throughout  the  molecules  and 
after  performing  genetic  experiments  with  insertions  in  the  exons  near  the 
splice  sites  and  in  the  introns,  investigators  have  concluded  that  splicing  of 
introns  from  tRNA  precursors  is  determined  by  the  secondary  and  tertiary  struc- 
ture of  the  remainder  of  the  molecule  (these  sequences  also  determine  the 
conformation  of  the  mature  tRNA).  A  single  yeast  splicing  endonuclease  can 
excise  precisely  the  intervening  sequences  from  ten  different  tRNA  precursors. 
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The  tRNA  precursors  have  introns  of  different  sizes  and  sequences,  but  they 
have  exons  with  similar,  highly  conserved  secondary  structures. 

The  mechanism  of  tRNA  splicing  has  been  described  for  yeast,  and  the  enzymes 
have  been  partially  purified  (Peebles,  see  diagram,  B-1).  The  mechanism  is 
unusual.  A  3' ,  5'  phosphodiester-2'  phosphononoester  linkage  is  formed  in 
which  the  phosphate  that  forms  the  splice  between  the  exons  is  not  a  phosphate 
fron  the  original  pre- tRNA  molecule,  but  is  donated  by  ATP.  In  v\^eat  germ  and 
Chlamydononas,  tRNA  is  spliced  in  vitro  by  the  same  mechanism. 

A  different  situation  occurs  with  tRNA  splicing  in  HeLa  cells  (Filipowicz  and 
Shatkin)  and  probably  in  Xenopus  oocytes  (see  diagram  B-2).  The  phosphate  that 
forms  the  splice  is  one  that  was  present  in  the  precursor  molecule  at  the  5' 
end  of  the  intron  (see  appendix  B-2,  1).  There  is  an  ATP  requirement  for  the 
reaction  in  HeLa  cells.  It  is  not  known  whether  the  PiTP-dependent  cyclic 
phosphate-forming  enzyme  ("cyclase")  has  an  obligatory  role  in  the  reaction. 

In  spite  of  the  differences,  the  yeast/wheat  and  HeLa/Xenopus  splicing  mechan- 
isms have  several  unifying  features:  splicing  is  a  twD-step  reaction,  cleavage 
and  ligation  are  catalyzed  in  separate  reactions,  the  endonuclease  cleaves  the 
RNA  chain  so  as  to  leave  the  phosphate  on  the  3'  end,  and  both  mechanisms 
involve  2' ,3'-cyclic  phosphates  and  probably  involve  ATP  as  an  energy  source. 

(3)  Nuclear  rRNA  and  Mitochondrial  mRNA  and  rRNA  Precursors 

In  the  remaining  class  of  splicing  reactions,  the  intron  plays  a  much  larger 
role  in  its  own  excision.  In  the  case  of  the  nuclear  rRNA  genes  of  Tetrahymena , 
splicing  of  the  rRNA  precursors  occurs  by  an  autocatalytic  reaction  that,  at 
least  in  vitro,  requires  no  protein  (Cech,  see  diagram,  C).  The  excised  intron 
is  capable  of  undergoing  a  second  splicing  reaction  to  produce  a  circular  form. 
The  entire  cleavage-ligation  activity  resides  within  the  intron  itself. 

Tetrahymena  rRNA  precursor  is  capable  of  self-splicing  in  the  absence  of 
proteins,  while  the  splicing  of  many  mitochondrial  mRNA  introns  does  require 
proteins.  In  yeast  mitochondria,  splicing  is  blocked  both  by  mutations  in  the 
exon  and  by  mutations  in  nuclear  genes,  indicating  the  involvement  of  proteins, 
one  model  holds  that,  in  mitochondria,  proteins  are  required  to  help  the  intron 
fold  into  its  productive  structure,  a  structure  which  is  self-splicing. 

Splicing  of  rRNA  precursors  in  Tetrahymena  takes  place  by  a  canpletely  "self- 
catalyzed"  reaction  and  the  chemistry  of  the  cleavage-ligation  is  different 
from  splicing  of  tRNA.  Splicing  occurs  by  a  series  of  two  trans-esterif ication 
reactions  which  convert  one  phosphate  ester  to  another  without  any  intermediate 
hydrolysis.  Since  the  phosphodiester  bond  is  conserved  throughout,  neither  ATP 
nor  GTP  is  required  for  hydrolysis.  A  free  3'  hydroxyl  group  is  required  which 
is  contributed  by  a  guanosine  cofactor.  The  reaction  is  characterized  by  the 
addition  of  a  nucleotide  at  the  5'  end.  The  IVS  is  excised  as  a  unique  linear 
molecule.  This  linear  molecule  is  subsequently  converted  into  a  circular 
molecule  by  an  autocyclization  process.  During  cyclization,  a  15-nucleotide 
segment  ("15-mer")  is  produced  which  is  capable  of  forming  a  hairpin  structure. 
The  cyclization  process  is  readily  reversible.  It  is  not  known  whether 
mitochondrial  splicing  follows  the  same  reaction,  but  the  essential  internal 
sequences  are  conserved,  which  suggests  the  mechanisms  will  be  related. 
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In  one  group  of  yeast  mitochondrial  rtiRNA  genes,  mutations  which  affect  splicing 
have  been  found  within  introns,  but  far  from  the  splice  junctions.  Once  again, 
however,  tJie  structure  of  the  intron  determines  splicing.  There  are  four 
sequences,  each  10-12  nucleotides  long,  which  appear  to  be  essential.  There  is 
evidence  that  these  four  sequences,  v^ich  are  highly  conserved,  form  two  base- 
paired  stems,  which  help  form  the  secondary  structure  of  these  introns. 

SUMMARY 

Based  on  the  way  in  which  splice  sites  are  specified,  all  split  genes  can  be 
grouped  into  three  classes:  nuclear  mRNA  splice  sites  are  designated  by  short 
sequences  at  the  intron-exon  junction;  nuclear  tRNA  splice  sites  are  designated 
by  the  three-dimensional  structure  of  the  exons;  and  nuclear  rRNA  and  mitochon- 
drial rRNA  and  mRNA  splicing  reactions  are  designated  largely  by  the  structure 
of  the  intron.  These  three  classes  appear  to  be  distinct  with  respect  to  the 
chemistry  of  the  splicing  reactions. 

The  three  classes  of  intron  appear  to  have  evolved  independently,  so  they  may 
be  serving  quite  different  functions.  However,  the  discovery  that  many  or  all 
introns  are  excised  in  a  circular  form  directs  our  attention  to  the  possible 
roles  of  these  circular  molecules.  The  most  intriquing  possibility  arises  fran 
the  fact  that  the  circular  form  provides  immediate  protection  of  the  molecule — 
no  ends  are  available  to  be  degraded.  The  possibility  that  the  excised  IVS 
have  regulatory  functions  is  being  examined. 
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3.   "Transcription  Ccmplexes  Make  Conplex  Systems  Less  Ccmplex"* 
ROl  GM  22395  (Brown,  D. ) ,  Carnegie  Institute  of  Washington 

One  of  the  excellent  systems  to  study  questions  of  ccmplex  regulation  is  the 
developing  organism.  Developnent  is,  in  essence,  gene  control.  Development 
requires  that  the  progeny  of  a  single  cell  experience  a  spatial  pattern  and 
temporal  sequence  of  gene  expression  and  repression,  of  having  genes  turned  on 
and  off,  until  the  organism  contains  and  maintains  its  many  correct  cell  types. 

Dr.  Donald  Brown  has  exploited  the  development  of  the  frog,  Xenopus  laevis,  to 
study  how  the  sanatic  and  oocyte  cells  control  gene  expression.  He  has  found 
that  the  5S  riboscmal  RNA  gene  system  in  the  frog  is  particularly  tractable  for 
research  on  gene  control.  The  5S  ribosomal  RNA  genes  encode  the  smallest  of 
the  three  major  RNAs  needed  to  make  ribosanes.  All  haploid  Xenopus  cells 
contain  20,000  5S  RNA  genes,  which  are  composed  of  two  families.  The  larger 
family,  98  percent  of  the  total  number,  are  transcribed  only  in  the  egg  cells 
and  are  thus  referred  to  as  "oocyte-type"  5S  RNA  genes.  The  smaller  family 
contains  about  400  genes,  2  percent  of  the  total  number.  Both  oocytes  and 
sanatic  cells  transcribe  the  genes  of  the  smaller  family.  For  this  discussion 
these  will  be  termed  "somatic-type"  5S  RNA  genes.  The  oocyte  must  make  and 
store  large  amounts  of  RNA  as  riboscmes  to  be  used  later  during  development  of 
the  embryo.  Dr.  Brown  has  chosen  to  focus  on  the  question:  "How  is  transcrip- 
tion of  the  oocyte-type  genes  turned  on  in  oocytes  and  off  in  somatic  cells?" 

In  the  last  five  years,  investigators  have  found  that  gene  activity  is 
controlled  by  specific  sequences  in  DNA  which  regulate  gene  transcription. 
Dr.  Brown  showed  that  the  regulatory  region,  or  promoter,  for  5S  RNA  gene 
transcription  lies  in  the  middle  of  each  gene,  within  the  coding  sequence.  The 
canparable  regulatory  regions  for  most  genes  are  located  just  before  the  start 
of  the  genes. 

Meanwhile,  Dr.  Ronald  Roeder  found  that  transcription  of  the  somatic  type  5S  RNA 
gene  requires  at  least  three  protein  factors  in  addition  to  the  transcribing 
enzyme,  v^ich  is  called  RNA  polymerase  III  (pol  III).  One  of  these,  designated 
TFIIIA  ("transcription  factor  IIIA  ")  has  a  molecular  weight  of  40,000  daltons. 
Dr.  Brown  found  that  this  protein  binds  to  the  same  sequence  that  he  had  identi- 
fied as  the  control  region  for  the  5S  RNA  genes.  The  other  two  factors  interact 
with  the  40,000  dalton  factor  and  the  5S  RNA  gene  to  form  a  "transcription 
ccmplex".  Pol  III,  which  is  not  part  of  the  complex,  then  recognizes  this 
complex  and  transcribes  the  gene.  The  oocyte-type  5S  RNA  genes  require  the 
same  three  transcription  factors  and  pol  III  as  the  somatic-type  5S  RNA  genes. 

One  of  the  characteristics  of  the  transcription  ccmplex  is  its  great  stability. 
Many  rounds  of  RNA  can  be  transcribed  by  a  gene  without  the  ccanplex  being 
dissociated.  The  great  stability  is  the  result  of  the  cooperative  binding  of 
the  several  molecules  in  the  complex.  The  affinity  of  the  components,  as  a 
group,  to  the  gene  exceeds  the  affinity  of  any  individual  component.  The 
state  of  the  gene  is  stable  not  only  for  many  rounds  of  transcription  but 
through  cell  division  (although  during  replication  orderly  perturbations 
occur) . 

As  part  of  his  experiments  to  determine  what  accounts  for  the  turning  off,  or 
repression,  of  the  oocyte-type  5S  RNA  genes  in  somatic  cells.  Dr.  Brown  examined 
the  chromatin  of  these  cells.   Chromatin  is  the  naturally-occurring  complex  of 
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DNA  and  its  associated  proteins.  If  the  DNA  is  ccmplexed  as  chromatin  in  the 
system,  the  addition  of  pol  III  permits  the  transcription  of  the  somatic- type 
5S  RNA  genes.  However,  the  oocyte-type  5S  RNA  genes  were  not  transcribed  (even 
when  pol  III  plus  all  three  transcription  factors  were  added)  fron  their 
chrotatin  form. 

One  of  Dr.  Brown's  group  discovered  that  a  chranatin  protein,  histone  HI, 
blocked  the  transcription  of  the  oocyte-type  genes  in  scstatic  cells.  When  HI 
(which  is  a  more  mobile  histone  than  the  histones  H2A,  H2B,  H3,  and  H4)  is 
removed,  the  oocyte-type  5S  RNA  genes  became  accessible  to  transcription. 
Genes  already  active,  existing  as  transcription  complexes,  were  resistant  to 
repression  by  HI.  Repression  by  HI  is  a  general  mechanism  which  affects  several 
genes  while  activation  requires  gene-specific  factors. 

Sonatic-type  and  oocyte-type  genes  exist  in  different  states  in  somatic  cells. 
Both  states  are  stable,  but  they  are  ccmposed  and  maintained  by  different 
molecules:  the  active  transcription  conplex  is  stable  because  of  the  coopera- 
tive binding  of  the  several  factors  to  the  pronoter  of  the  gene;  the  repressed 
gene  is  stable  because  the  histone  HI  keeps  the  transcription  factors  from 
getting  to  the  cognate  control  region  on  the  gene  chromatin. 

A  system  in  which  genes  becone  stably  activated  or  repressed  by  binding  the 
appropriate  proteins  "makes  the  daily  life  simpler"  for  the  transcribing  enzymes 
of  higher  organisms.  In  addition  to  pol  III,  higher  organisms  contain  two 
other  polymerases,  pol  I  and  pol  II.  Pol  I  and  pol  II  also  appear  to  recognize 
the  same  transcription  canplexes  as  pol  III.  In  contrast,  prokaryotes  generally 
recognize  specific  DNA  promoter  sequences  directly,  without  utilizing  transcrip- 
tion complexes.  Since  eukaryotic  cells  have  approximately  1000  times  as  much 
EWA  as  prokaryotic  cells,  eukaryotic  polymerases  would  have  a  major  logistic 
problem  if  they  had  to  pick  out  the  right  genes  to  transcribe  only  on  the  basis 
of  short  DNA  sequences.  Having  the  correct  genes  bound  to  transcription  factors 
"marks"  the  relevant  genes.  Similar,  but  unwanted,  genes  are  locked  up  in 
nucleosones  by  the  histone. 

These  results  may  also  help  explain  how  a  mature,  differentiated  cell  can 
maintain  its  characteristic  set  of  active  and  repressed  genes  for  long  periods 
of  time.  Stable  complexes  are  subject  to  some  perturbation  during  the  house- 
keeping activities  of  the  cell.  However,  the  cooperative  binding  permits  a 
certain  amount  of  turnover  to  replace  damaged  conplexes  as  long  as  there  are 
a  few  of  the  correct  replacement  molecules  available  close  to  the  control 
region  (it  takes  lower  concentrations  to  maintain  the  conplexes  than  to  form 
them. ) 

Dr.  Brown  is  now  interested  in  addressing  the  problem  of  cell  determination, 
the  process  by  which  an  embryonic  cell  becomes  "committed"  to  a  particular 
fate.  According  to  Dr.  Brown,  what  embryologists  call  "determination"  of  a 
gene  involves  its  progression  into  an  active  and  stable  complex.  "Cotimitment" 
requires  the  activation  of  specific  genes  and  the  inactivation  of  others.  By 
use  of  a  transcription  complex  system,  cells  can  rely  on  the  relative  concentra- 
tions of  various  transcription  factors  to  determine  which  genes  will  be  acti- 
vated and  which  will  be  inactivated.  Dr.  Brown  has  found  that  the  concentration 
of  the  40,000  dalton  transcription  factor  of  5S  ribosomal  RNA  genes  does  corre- 
late with  the  developmental  behavior  of  these  genes.  The  transcription  factor 
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concentration  is  very  high  in  the  oocyte.  In  the  sonatic  cells  of  the  develop- 
ing embryo,  which  have  divided  several  times,  the  transcription  factor  has 
becone  diluted.  In  these  cells,  the  sonatic-type  genes  out-conpete  the  oocyte- 
type  genes  for  the  factor  and  the  oocyte- type  genes  become  repressed  by  binding 
to  HI. 

Cotimitment  of  a  gene  by  formation  of  a  transcription  conplex  does  not  neces- 
sarily mean  it  will  be  expressed.  Embryonic  cells  are  committed  long  before 
they  begin  to  show  their  characteristic  products.  The  term  "differentiation" 
refers  to  the  expression  of  a  gene  that  has  already  been  determined,  or  acti- 
vated, but  whose  transcription  is  modulated.  The  determined  gene  is  a  stable, 
but  inconplete  complex.  Other  factors  will  modulate  the  expression  of  the 
gene.  The  polymerases  necessary  to  read  the  gene  must  become  available,  as 
well  as  additional  factors,  such  as  hormones.  In  contrast  to  higher  organ- 
isms, bacterial  cells  differentiate  in  processes  such  as  sporulation  by  another 
mechanism  whereby  different  polymerases,  or  portions  of  polymerases,  interact 
with  the  specific  genes. 

In  Dr.  Brown's  view,  understanding  developmental  control  will  result  from 
recognizing  basic  biophysical  principles  as  they  are  expressed  in  cells  such  as 
the  role  of  different  concentrations  of  activator  versus  repressor  molecules. 

4 .   "Control  of  Gene  Expression  at  Atonic  Resolution" 
ROl  GM  15225  (Sigler,  P.),  University  of  Chicago 

One  way  enteric  bacteria  control  the  amount  of  the  amino  acid  tryptophan  (trp) 
synthesized  in  vivo  is  by  regulating  the  concentration  of  the  enzymes  needed  for 
its  synthesis  through  an  elaborate  system  of  repression.   In  the  presence  of 


TRp^ 


Louo      l-e\Je\  07  fj'P 


hv^  k   /^u«/   o-/  TYf 


110 


high  concentrations  of  trp,  this  amino  acid  acts  as  a  ligand  and  binds  to  a 
regulator  protein,  trp- repressor.  This  amino  acid  protein  complex  then  binds 
to  an  operator  site  on  the  bacterial  genone  which  is  upstream  from  the  genes 
coding  for  the  enzymes  in  the  trp  biosynthetic  pathway.  This  binding  prevents 
the  binding  of  RNA  polymerase,  and  hence  the  synthesis  of  the  mRNA  necessary 
for  the  production  of  the  enzymes.  At  low  concentrations  of  trp,  no  binding  of 
trp  to  trp-repressor  occurs,  and  the  affinity  of  "apo-trp-repressor"  for  the 
operator  site  is  sufficiently  low  that  it  does  not  compete  effectly  with  RNA 
polymerase.  Under  these  conditions,  transcription  proceeds  normally.  Thus, 
trp-repressor  acts  much  like  a  float  valve  which  allows  the  amount  of  trp  in  a 
reservoir  to  control  how  much  more  trp  flows  into  that  reservoir.  That  is,  as 
shown  above,  when  the  level  of  trp  builds  to  a  certain  level,  its  flow  is  shut 
off. 

The  molecular  details  of  the  action  of  trp-repressor  have  been  the  subject  of  a 
long  time  NIGMS  grantee,  Dr.  Charles  Yanofsky  at  Stanford  University  (GM  09738). 
These  studies  represent  a  classic  effort  aimed  at  understanding  how  a  metabolite 
regulates  its  own  synthesis.  Now  another  NIGMS  grantee.  Dr.  Paul  Sigler  at  the 
University  of  Chicago,  has  provided  the  first  glimpse  of  how  this  mechanism 
works  at  atonic  resolution  by  determining  the  crystal  structure  of  the  complex 
between  trp  and  trp-repressor  by  x-ray  crystallography.  Dr.  Sigler  has  found 
that  trp-repressor  is  a  dimer  with  a  very  unusual  subunit  structure  as  shown 
below. 


Unlike  most  multisubunit  proteins,  which  resemble  two  balls  of  modeling  clay 
joined  by  surface  contact,  the  quaternary  structure  of  trp-repressor  is  formed 
through  the  interlocking  of  some  of  the  helices. 


Ill 


To  take  this  project  one  step  further  and  try  to  understand  how  the  trp-repressor 
binds  to  operator  DNA,  Dr.  Sigler  fitted  the  protein  structure  to  a  structure  of 
B-DNA  using  a  molecular  graphics  program  called  FRODO.  The  structure  of  the  pro- 
posed protein  nucleic  acid  complex  is  shown  below.  Several  features  stand  out: 

1.  Both  subunits  of  trp-repressor  are  involved  in  the  binding  to  the 
operator  site  on  DNA.   This  mode  of  binding  leads  to  enhanced  affinity. 
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2.  The  parts  of  the  protein  involved  in  the  binding  are  the  D  and  E 
helices.  These  helices  are  linked  by  a  tight  turn,  the  so-called  helix-turn- 
helix  motif  common  to  other  DNA  binding  proteins. 

3.  The  trp  is  not  directly  involved  in  the  binding  of  trp- repressor  to 
DNA  but  occupies  a  critical  hinge  region  between  the  E  helix  and  the  remainder 
of  the  molecule.  It  is  not  difficult  to  envision  that  significant  changes  in 
the  orientation  of  this  critical  E  helix  might  take  place  in  the  absence  of  trp. 

The  completion  of  the  trp-repressor  structure  brings  to  a  total  of  5  the 
number  of  DNA  binding  proteins  whose  structures  have  been  determined.  Four, 
trp-repressor,  catabolite  activator  protein,  CAP,  (determined  by  Dr.  Thomas 
Steitz,  Yale  University,  with  support  from  (M  22778),  lambda  repressor  (deter- 
mined by  Drs.  Carl  Pabo  and  Mark  Ptashne,  Harvard  University,  with  support  from 
(3A  29109) ,  and  cro  repressor  (determined  by  Dr.  Brian  Matthews,  University  of 
Oregon,  with  support  fron  GM  20066),  are  regulatory  proteins  which  share  certain 
features  discussed  below.  Of  these,  only  trp-repressor  shows  regulation  by  a 
metabolite,  and,  hence,  is  of  special  significance.  The  fifth  protein,  EcoRl, 
(determined  by  Dr.  John  Rosenberg,  University  of  Pittsburgh,  with  support  from 
GM  25671)  is  a  restriction  enzyme  whose  structure  is  unique  because  it  is  the 
only  example  of  a  DNA  binding  protein  structure  determined  with  a  fragment  of 
DNA  actually  bound  to  it.  Refinement  of  the  data  has  revealed  the  structural 
features  which  lead  to  an  understanding  of  the  specificity  of  binding. 

The  common  feature,  which  has  been  found  for  all  regulatory  DNA  binding,  whose 
structure  has  been  determined  by  x-ray  crystallography,  is  shown  diagramatically 
below.  In  each  case  there  are  two  helices  joined  by  a  tight  turn.  The  first 
helix  sits  above  the  DNA  near  the  backbone  while  the  other  sits  either  partially 
or  entirely  within  the  major  groove.  Although  there  is  only  a  small  amount  of 
amino  acid  sequence  homology  in  these  helical  regions,  there  is  very  close 
three-dimensional  structural  honology.  There  is  little  structural  homology  in 
the  other  parts  of  the  molecules.  Interestingly,  the  helix- turn-helix  motif  (to 
the  degree  of  structural  hoiiology  found  here)  seems  to  be  unique  to  this  group 
of  proteins,  as  it  has  not  been  found  in  other  proteins. 
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The  proposed  Interaction  between  the 
C-terminal  domain  of  CAP  and  the  CAP 
binding  in  the  2a£  operon.   The  helix- 
turn-helix  motif  is  represented  by  the 
E  and  F  helices. 


The  proposed  interaction  between  lambda 
repressor  s  N-terminal  arm  and  the  back  ol 
the  operator  site. 


DNA- binding 
domains 


Two  views  of  the  helix-turn  helix 
motif  in  the  proposed  CrO  DNA  complex. 


The  proposed  interaction  between  trp- 
repressor  and  DNA.   The  helix-turn-helix 
is  represented  by  the  D  and  E  helices. 


The  work  of  Dr.  Sigler  has  provided  a  first  glimpse  of  how  metabolic  regulation 
might  occur  at  atomic  resolution.  The  next  step  will  be  to  detennine  the 
structure  of  trp- repressor  in  the  absence  of  trp  to  find  out  exactly  what 
changes  are  responsible  for  the  large  change  in  affinity  of  repressor  for  CWA 
when  trp  is  absent.  This  aspect  is  progressing  rapidly  since  Dr.  Sigler  has 
crystals  which  diffract  well.  In  parallel  studies.  Dr.  Oleg  Jardetzky  at 
Stanford  University  (supported  by  GM  33385)  is  studying  the  same  systan  in 
solution  by  high  resolution  NMR.  The  final  chapter  will  be  written  when 
Dr.  Sigler  is  able  to  confirm  the  hypothetical  structure  for  the  binding  of 
trp-repressor  to  DNA  by  solving  the  structure  of  the  E»IA  trp- repressor  complex. 
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PHARMACOLOGICAL  SCIENCES  PROGRAM 


OBJECTIVES 

The  Pharmacological  Sciences  (PS)  Program  supports  a  broad  spectrum  of  research 
aimed  at  providing  an  improved  understanding  of  the  biological  phenanena  and 
related  dhanical  and  molecular  processes  involved  in  the  actions  of  therapeutic 
drugs  and  anestiietics.  The  scope  of  the  program  ranges  fron  synthetic  chemistry 
and  biodieraical  studies  in  molecular  pharmacology  to  controlled  studies  in  man. 
Much  of  the  research  supported  by  tiie  Program  integrates  sucih  fields  as  genetics, 
endocrinology,  chemistry,  and  canputer  science  with  the  iTore  traditional  areas 
of  pharmacological  investigation  in  an  effort  to  characterize  molecular  inter- 
actions and  to  understand  tlieir  expression  in  man. 

ORGANIZATION  AND  STAFFING 

Several  staffing  changes  occurred  in  the  PS  Program  this  year.  In  Deceiriber, 
Dr.  Christine  Carrico  was  named  Director  of  the  Program.  At  the  same  time. 
Dr.  M.  Janet  Newburgh  joined  the  PS  Program  as  a  health  scientist  administrator 
with  resjxinsibility  for  grants  and  fellowships  in  both  the  bio-related  chemistry 
and  basic  pharmacology  portions  of  tlie  Program.  In  June,  Dr.  James  Gilliam 
retired  after  26  years  in  the  Public  Health  Service. 

Currently,  Dr.  Nevvtourgh  and  Dr.  Carrico  handle  grants  and  fellowships  in  the 
basic  and  clinical  pharmacology  areas.  Dr.  Nev\tourgh  also  works  with  Dr.  Carl 
Kuetlier  to  adjTiinister  the  bio-related  chemistry  section.  Dr.  Elizabeth  O'Hem 
continues  to  have  responsibility  for  the  anesthesia  portion  of  the  Program. 
All  program  administrators  heindle  training  grants  in  their  respective  areas. 

RESEARCH  OVERVIEW 

Researc±i  supported  by  the  PS  Program  is  divided  into  three  major  areas;  anesthe- 
siology, chenistry,  and  phariiiacology.  In  1985,  approximately  $5  million  was 
expended  for  research  in  anesthesiology,  over  $36  million  for  research  in  chem- 
istry, and  about  ?20  million  for  research  in  phairraacology. 

A  major  portion  of  the  PS  Program's  budget  is  expended  on  research  in  basic 
chemistry,  in  recognition  of  the  importance  of  such  effort  to  the  design, 
syntiiesis,  and  structural  elucidation  of  a  wide  variety  of  compounds  of  tx:)tential 
medicinal  and/or  practical  use.  Research  in  chanistry  is  multifaceted.  A  few 
of  tlie  key  areas  include  the  design  and  analysis  of  model  conixiunds  that  would 
shed  light  on  the  structure  and  function  of  an  enzyme '  s  catalytic  site ;  the 
syntliesis  of  specifically  designed  artificial  enzymes;  the  synthesis  and  ciharac- 
terization  of  specific  enzyme  inhibitors;  ligands  that  alter  nucleic  acid  func- 
tion at  very  specific  locations  of  tlie  genane;  and  the  design  and  application 
of  new  procedures  for  the  efficient  synthesis  of  ccmislex  structures,  such  as 
antibiotics  and  anti- tumor  agents.  One  very  exciting  area  of  chonical  researdh 
is  the  synthesis  of  nucleotide  oligatiers  that  are  ca-nplementary  to  key  sequences 
in  a  viral  gencme  but  that  also  contain  a  moiety  v*iich  is  capable  of  reacting 
covalently  with  the  viral  gencme  to  inactivate  it.   Faster,  more  efficient 
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synthetic  procedures  tliat  are  being  developed  for  canplex  molecules  are  likely 
to  revolutionize  the  production  of  a  variety  of  antibiotics  and  are  making  it 
possible  to  design  related  structures  that  have  the  desired  therapeutic  effect 
but  that  lack  shortccmings  characteristic  of  their  natural  relatives,  such  as 
toxicity  or  difficulty  in  delivering  the  drug  to  the  site  of  action. 

Many  plants  defend  themselves  from  predators  and  infective  or  cctnpeting  agents 
by  producing  toxins.  Fran  human  society's  point  of  view,  such  toxins  can 
present  problems  to  individuals  or  livestock  vA\o  ccrne  into  contact,  or  \a^o  eat 
plant  materials  containing  sucih  toxins.  The  toxins  also  are  of  potential 
benefit  to  society  if  they  can  be  used,  or  modified  for  use,  as  pesticides,  anti- 
fungals, antibacterials,  or  anti- tumor  agents.  An  important  area  of  researcih 
supported  by  the  PS  Program  is  the  biosynthesis  and  characterization  of  toxins, 
as  well  as  identification  of  the  factors  or  conditions  that  induce  their 
synthesis. 

Active  areas  of  researcli  in  pharmacology  include:  the  molecular  basis  of  drug 
acticn;  drug  delivery,  absorption,  distribution,  and  elimination;  drug  metabo- 
lism; and  factors  or  substances  that  modify  drug  action  and  drug  toxicity.  Re- 
search activity  in  both  basic  and  clinical  pharmacology  is  supported.  Pharma- 
cological research  has  progressed  to  the  point  that  mucih  of  the  progress  during 
the  past  year  has  involved  studies  at  the  molecular  level.  Tlie  cytochrcrne 
P-450  enzyme  family  is  displaying  a  diversity  tliat  is  scmev^^at  reminiscent  of 
imnunoglobulin  families.  The  mechanisms  by  v\^ich  the  synthesis  of  individual 
forms  of  cytochraTie  P-450  is  induced,  as  well  as  how  the  multiple  forms  of 
this  enzyme  family  arise,  are  yielding  fascinating  information  via  our  current 
knowledge  base  aiij  the  genetic,  biodhemical,  and  molecular  biological  tools 
currently  available  to  us.  These  enzymes  are  interesting  not  only  because  of 
their  effects  on  xenobiotics,  but  also  because  they  appear  to  be  involved  in 
normal  metabolism  of  cholesterol,  fatty  acids,  prostaglandins,  leukotrienes , 
bile  acids,  and  sterol  homiones. 

Another  focus  of  considerable  phantiacological  researcih  effort  is  hormone-sensi- 
tive adenylate  cyclase,  a  system  that  directly  or  indirectly  is  affected  by 
several  drugs.  This  system  has  turned  out  to  be  considerably  more  canplex 
than  previously  thought  but  is  yielding  to  solution  and  to  understanding.  One 
fascinating  finding  is  the  similarity  among  guanine  nucleotide-binding  regula- 
tory proteins  that  serve  as  information  transducers  for  these  receptors,  as 
well  as  their  similarity  to  at  least  one  oncogene  product. 

Current  NIGMS- supported  research  in  anesthesiology  is  directed  toward  obtaining 
the  basic  knowledge  for  the  developnent  and  inproved  use  of  safer  anesthetic 
agents.  It  includes  a  major  effort  directed  toward  a  better  understanding  of  the 
mecJhanisms  of  anesthetic  action  at  the  nx)lecular,  endocrine,  and  cellular 
levels.  Other  major  areas  of  interest  are  studies  of  toxic  or  side  effects  of 
anesthesia,  the  inetabolisra  of  anesthetics,  and  how  effects  or  the  metabolism 
of  anesthesia  may  be  altered  in  specific  cases,  for  exarrple  in  burned  patients 
or  during  surgery.  Anesthesia  may  significantly  affect  a  patient's  reaction  to 
treatraent.  For  example,  certain  ccranon  forms  of  anesthesia  alter  differentially 
the  intracranial  pressure  changes  that  occur  in  patients  with  head  trauma  who 
are  being  treated  by  hyperventilation.  Inforrration  regarding  tliese  effects 
clearly  is  important  in  management  of  ttiese  patients.  Other  research  is  directed 
at  understanding  toxic  side  effects  of  anesthesia  and  identifying  tlnose 
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individuals  v\^o  have  a  greater  than  normal  tendency  for  adverse  reaction  to 
anesthesia.  For  exaiiple,  one  project  is  seeking  a  better  understanding  of  the 
molecular  mechanism  of  iiialignant  hyperthermia  and  how  to  detenuine  v^^ether  a 
given  individual  is  susceptible  to  tMs  condition. 

In  April,  the  PS  Program  sponsored  a  symposium  on  "Novel  Genetic  ?^3proadhes  in 
Molecular  Pharmacology"  as  part  of  the  spring  laeeting  of  the  American  Society  for 
Pharmacology  and  Experimental  Therapeutics  in  Anaheim.  The  thought-provoking 
presentations  covered  a  range  of  contemporary  research  topics  in  pharmacological 
sciences  at  tliis  well-attended  symposiuin. 

The  20th  anniversary  of  the  PS  Program  was  celebrated  in  March  witli  a  reception 
to  Vihich  all  Pharmacology  Research  Associate  Program  (PRAT)  preceptors,  as  well 
as  present  and  former  PRAT  fellows,  were  invited.  Also  part  of  the  celebration 
was  a  lecture  by  Dr.  Alfred  Oilman,  a  former  PRAT  fellow,  and  a  poster  presenta- 
tion of  the  exciting  and  varied  researdi  projects  being  undertaken  by  the 
ciorrent  PRAT  fellows  at  NIH. 


RESEARCH  TRAILING 

Pharmacological  scientists  serve  important  roles  in  all  areas  of  scientific 
and  health- related  endeavors  in  academia,  government  and  industry.  To  provide 
a  continuing  source  of  such  scientists  is  the  purpose  of  the  training  programs 
of  the  PS  Program.  Since  1975,  research  training  in  the  pharmacological  sci- 
ences and  clinical  pharmacology  has  been  supported  under  the  authority  of  the 
National  Research  Service  Act.  As  of  1983,  research  training  in  anesthesiology 
heis  also  cane  under  tlie  auspices  of  the  PS  Program.  Multidisciplinary  pre- 
doctoral  training  programs  in  the  pharmacological  sciences  are  supported  by 
institutional  fellowsliips,  as  is  postdoctoral  research  training  in  anesthe- 
siology and  clinical  pharmacology.  Individual  fellowships  also  are  available 
for  postdoctoral  training  in  all  of  the  above  fields. 

The  multidisciplinary  nature  of  the  institutional  predoctoral  training  programs 
in  the  pharmacological  sciences  provides  the  student  with  a  catibination  of  skills 
and  techniques  necessary  to  address  a  wide  spectrum  of  pharmacological  problems . 
Programs  are  designed  to  offer  students  the  opportunity  to  apply  knowledge 
of  molecular  biology,  medicinal  chemistry,  neurobiology,  biochemistry,  physiol- 
ogy, and  other  related  biological  sciences  to  problems  of  phannacological  ihter- 
est.  These  predoctoral  programs  also  are  available  to  students  in  disciplines 
other  than  pharmacology.  Regardless  of  their  departmental  affiliation,  all 
trainees  receive  a  thorough  foundation  in  pharmacological  principles  and 
tlieir  application  to  all  aspects  of  bicmedical  research.  In  FY  1985,  there 
were  38  institutional  predoctoral  training  programs,  supporting  285  trainees. 

The  training  of  M.D.'s  in  research  ratiains  a  strong  cxanmitment  of  the  National 
Institute  of  General  Medical  Sciences  (NIGMS)  and  the  PS  Program.  Support  is 
provided  through  various  funding  mechanisms.  Institutional  postdoctoral  fellow- 
ship programs  in  clinical  pharmacology  and  anestliesiology  are  designed  to  train 
physicians  in  the  application  of  laboratory  research  principles  to  the  study 
of  these  disciplines.  In  FY  1985,  tliere  were  9  clinical  phannacology  training 
programs  supporting  28  trainees  and  5  anesthesiology  training  programs  support- 
ing 8  trainees.   Individual  postdoctoral  fellowships  also  are  available  in 
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these  disciplines.  Researdi  career  development  award  applications  are  accepted 
by  tlie  Program  only  fron  those  investigators  who  have  expressed  a  coTmitment 
to  research  careers  in  clinical  pharmacology  or  anesthesiology.  The  PS  Program 
currently  supports  two  such  investigators  in  anesthesiology  and  one  in  clinical 
pharmacology . 

The  PRAT  Program  is  the  only  intramural  activity  of  Nia»lS.  This  unique  Program 
provides  opxx)rtunities  for  22  highly  qualified  postdoctoral  fellows  to  spend  2 
years  in  the  intramural  laboratories  of  the  National  Institutes  of  Health  and 
the  Alcohol,  Drug  Abuse,  and  Mental  Health  Adridnistration .  Tnere  are  currently 
86  fonnally  appointed  preceptors  Wiose  interests  include  pharmacokinetics, 
hormone- receptor  interactions,  cyclic  nucleotide  biochemistry,  molecular  toxi- 
cology, and  virtually  all  aspects  of  the  neurosciences .  In  addition  to  the 
extramural  sup£X)rt  for  clinical  pharmacology,  the  PRAT  Program  provides  an 
individualized  curriculum  for  interestal  and  qualified  physicians  to  pursue 
research  training  in  clinical  pharmacology  at  the  National  Institutes  of  Health. 


RESEARQI  HIGHLIGHTS 

"Asymmetric  Synthesis  via  Chiral  Hydroboration" 
ROl  GM  10937-22  (Brown,  H.),  Purdue  University 

Dr.  Herbert  Brown  and  his  coworkers  have  recently  discovered  a  general  iretiiod 
of  asymaetric  synthesis  for  preparation,  in  optically  pure  form,  of  almost  any 
chiral  canpound.  The  metliod  involves  hydroboration,  v^hich  Dr.  Brcwn  discovered 
and  developed  and  for  Vi^ich  he  was  awarded  the  Nobel  prize  in  chemistry  for 
1979. 

Two  asymmetric  hydroborating  agents  are  very  canmonly  utilized:  diisopino- 
canpheylborane  (Ipc2BH)  and  monoisopinocairpheylborane  (IpcBH2).  Both  reagents 
are  readily  obtained  from  a-pinene,  a  cheap  and  readily  available  material 
prepared  fran  oil  of  turpentine.  Conmercial  a-pinene  is  only  92  percent  qt^ti- 
cally  pure.  However,  if  the  crystalline  Ipc2BH  formed  upon  hydroboration  of 
a-pinene  (92  percent  enantianeric  excess)  is  allowed  to  stand  at  0°C  in  the 
presence  of  a  slight  excess  of  a-pinene,  the  major  isaner  beccxnes  incorporated 
into  the  crystalline  reagent,  leaving  the  unwanted  minor  isaner  in  solution. 

Because  the  reaction  canmonly  proceeds  rapidly  to  the  dialkylborane  stage,  the 
monoalkylborane  must  be  prepared  by  an  indirect  route.  Treatment  of  diisqpino- 
cairpheylborane  wi.th  one-half  molar  equivalent  of  N,N,N' ,N'-tetrametllyle■thyl- 
enediamine  (TMED)  provides  the  2:1  adduct,  TMED-2BH2lpc,  vv^ich  crystallizes 
out  in  enantion^rically  pure  form.  Pure  monoisopinocarapheylborane  then  is 
readily  liberated  by  treatment  with  boron  trifluoride.   (See  Figure  1) 
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Figure  1 
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Preparation  of  IpCjBH  and  IpcBH2 


Three  recent  developments  in  Dr.  Brown's  laboratory  are  of  major  importance. 
First,  is  the  discovery  that  treatment  of  the  asymmetric  hydrdboration  products 
with  acetaldehyde  removes  the  isopinocanpheyl  group  as  a-pinene,  yielding  the 
optically  active  boronic  esters. 

Figure  2 
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[lSj25]{+)-boronic  ester,  >  99%  ee 
Synthesis  of  Optically  Pure  Boronic  Esters 

Second,  the  reaction  products  fron  monoisopinocairpheylborane  and  hindered  pro- 
chiral  alkenes,  IpcR*BH,  exist  as  crystalline  dimers.  Crystallization  provides 
a  product  of  essentially  100  percent  optical  purity. 
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Figure  3 
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This  makes  it  possible  to  prepare  many  chiral  boronic  esters  of  essentially  100 
percent  enantiomeric  excess. 

Tliird,  it  is  readily  possible  to  convert  these  boronic  esters  into  the  corre- 
sponding nionoalkylborohydrides  and,  by  treatiaent  with  acid,  obtain  the  opti- 
cally active  monoalkylborane .  The  optically  active  borane  can  be  converted  by 
known  methods  into  all  of  the  organoborane  reagents  vAiich  have  been  found  to 
be  valuable  in  syntheses. 

The  whole  process  is  suittnarized  below. 
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It  is  well  established  that  alkyl  groups  can  be  transferred  frcm  boron  to  essen- 
tially any  elanent  of  interest,  including  carbon,  with  ccsmplete  retention  of 
stereod-ionistry.  Thus,  it  is  now  possible  to  plan  a  rational  synthesis  of 
practically  any  ccm[X)und  containing  an  asymnetric  center,  either  the  (+)  or 
\-)   isomer,  in  essentially  100  percent  optical  purity. 

"Organonetallic  Chemistry" 
ROl  GM  22479-10  (VolU-iardt,  K. ) ,  University  of  California,  Berkeley 

Dr.  Vollhardt  has  developed  three  new  methods  for  the  total  synthesis  of  ste- 
roids tl-iat  use  transition  metals  as  catalysts  or  as  reagents.  The  first  pro- 
cedure uses  catalytic  dicarbonylcyclopentadienylcobalt  [CpCo(C0)2]  to  fuse 
the  ABC-porticn  of  the  A-ring  aromatic  steroids  onto  an  already  existing 
D-ring.  The  other  two  approaches  employ  stoichicmetric  amounts  of  dicarbonyl- 
cyclopentadienylcobalt  to  annelate  the  BCD-portion  of  the  steroids  to  an  already 
existing  A-aranatic  ring.  Significant  chemo-,  regio-,  and  stereoselectivity 
is  achieved  in  these  transformations.  Dr.  Vollhardt  and  his  coworkers  have 
now  found  an  even  more  direct  ai:>proach  to  this  physiologically  inportant  class 
of  molecules,  in  vi^ich  an  enetriyne  is  cyclized  with  catalytic  cobalt  in  one 
step  to  assemble  all  four  rings.  The  retrosynthetic  analysis  is  shown  in 
Scheme  I. 

Scheme  I 
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This  cyclization  gives  rise  to  an  extraordinarily  rapid  assortoly  of  B-arcmatic 
steroids,  a  class  of  caipounds  >hich  was  not  previously  accessible.  The 
aj^jroach  should  be  extremely  versatile  for  synthesizing  analogs  and  novel 
medicinal  agents  based  on  the  steroid  nucleus.  Scheme  II  depicts  an  efficient 
and  convergent  syntliesis  of  the  required  enetriyne  percursor. 
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Scheme  II 
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The  examples  in  Scheme  III  danonstrate  the  efficiency  and  versatility  of  the 
method.  Target  molecules  are  assa^Libled  with  cotplete  stereoselectivity  with 
respect  to  the  CD-ring  junction,  vs^ich  emerges  trans,  as  in  the  naturally 
occurring  systans. 

Scheme  III 
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The  identity  of  tlie  cyclization  products  was  ascertained  by  spectral  and  cheni- 
cal  means.  Thus,  as  shown  in  Scheme  IV,  oxidation  of  the  B-ring  aranatic 
3,17-diol  gives  tlie  corresponding  known  diketone. 

Scheme  IV 
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Several  derivatives  of  these  caiipounds  are  being  prepared  for  testing  in  an 
androgen  receptor  binding  assay. 

By  utilizing  his  previous  finding  that  cyclizations  catalyzed  by  dicarbonylcy- 
clopentadienylcobalt  are  not  restricted  to  unsaturated  moieties  containing 
only  carbon.  Dr.  Vollhardt  has  developed  a  highly  chemo-  and  regioselective 
construction  of  vitamin  B^  (Schane  V). 
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A  conceptually  identical  approach,  executed  on  a  kilogram  scale,  was  used 
recently  by  the  Hoffmann-LaRoche  group  in  Basle.  Thus,  strategies  developed 
in  Dr.  Vollhardt 's  laboratories  are  suitable  for  scale-up  to  the  industrial 
level . 
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"Through-Space  Electron  Transfer  Reactions" 
ROl  GM  31383-03  (Lewis,  N. ) ,  University  of  New  Brunswick 

For  more  than  a  decade,  researchers  have  speculated  that  sulfur  atans  and  benzene 
rings  play  an  important  role  in  metalloproteins  that  have  redox  functions .  Based 
on  this.  Dr.  Lewis  has  prepared  models  designed  to  incorporate  molecular  frag- 
ments found  along  the  presumed  electronic  pathways  in  proteins.  For  exanple, 
in  ccmpound  J^,  the  sulfur  atcms  and  benzene  rings  are  placed  in  a  rigid  environ- 
ment and  are  situated  close  enough  to  each  other  so  that  their  orbitals  can 
overlap.  There  are  two  ways  that  an  electron  can  pass  through  a  rcolecule  like 
this.  The  first  is  a  "through-bond"  transfer,  in  v^ich  the  electron  is  presumed 
to  follow  the  molecular  framework.  This  is  prevented  in  ccmpound  _1  by  the  two 
methylene  groups,  which  sen/e  as  insulators.  It  has  never  been  conclusively 
proven  that  an  electron  can  pass  through  a  fully  saturated  carbon  like  the 
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two  methylenes,  in  an  unstrained  environment,  at  any  measurable  rate.  Thus,  the 
electron  probably  is  forced  to  use  the  only  other  possible  mechanism  available 
to  it,  v\Aiich  is  the  "through-space"  mechanism.  "Through-space"  transfer  is  so 
named  because  the  orbitals  used  in  transferring  the  electron  belong  to  atcms 
that  are  not  connected  directly  to  each  other.  This  is  thought  to  be  the  type 
of  transfer  that  occurs  in  redox  proteins. 

In  ccmpound  _1,  the  electron  is  thought  to  pass  directly  from  a  lone  pair  orbital 
on  the  sulfur  atcm  to  the  p-orbitals  of  the  benzene  ring.  It  then  probably 
passes  along  to  the  lone  pair  orbital  on  the  second  sulfur  atan  and  finally 
leaves  the  bridging  ligand  by  entering  an  orbital  on  the  metal  atcm.  liowever, 
the  intervalence  band  corresponding  to  a  through-space  transfer  is  ten  times 
narrower  than  predicted  by  theory.  Tliis  is  tentatively  attributed  to  coupling 
of  this  transition  to  a  vibrational  mode  of  the  ligand.  The  electrochaiiistry 
(Ef  =  0.27  and  0.37  V.  vs.  a  standard  calomel  electrode)  indicates  that  the 
metal  centers  are  strongly  coupled  electronically. 

A  second  model  system,  ccmpound  2^,  has  been  developed  tliat  has  two  benzene 
rings  in  a  face- to- face  orientation. 
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This  iTiDlecule  apparently  shows  simultaneous  two-electron  transfers  on  the 
cyclic  voltaninetric  tii^ie-scale  at  0.11  and  0.28  V.  (vs.  a  standard  calomel 
electrode),  taking  each  ruthenium  formally  fron  Ru(ll)  to  Ru(lV).  Such  behavior 
is  unprecedented  and  raay  indicate  tliat  certain  metalloproteins  having  this 
feature  could  function  as  2-electron  redox  systems. 

"Bioorganic  Chemistry  of  Nucleic  Acid  Alkylphosphonates" 
ROl  Gt'I  31927-02  (I'4iller,  P.),  The  Johns  Hopkins  University 

Dr.  Paul  Miller  of  The  Johns  Hopkins  University  is  seeking  to  develop  oligonu- 
cleotide analogs  that  can  control  gene  expression  at  the  level  of  DNA  transcrip- 
tion or  at  the  level  of  mRNA  translation  or  processing.  Toward  this  goal,  he 
has  used  solid  phase  techniques  to  syntliesize  oligodeoxyribonucleoside  methyl- 
phosphonates  of  defined  base  sequence  that  are  specifically  designed  to  be 
taken  up  intact  by  mammalian  cells  in  culture  and  to  form  stable,  hydrogen-bonded 
canplexes  with  ca-niplementary  target  DNA.  or  RNA  sequences. 

Oligcmers  up  to  15  nucleoside  units  long  have  been  synthesized  and  characterized 
by  procedures  developed  by  Dr.  Miller.  He  has  found  that  oligomers  ccaiplementary 
to  the  splice  junction  sequences  of  SV40  precursor  mRNA  selectively  inliibit 
vrrus  protein  synthesis  in  infected  cells.  HerjDes  sinplex  virus  type  1  DNA 
synthesis,  protein  synthesis,  and  virus  growth  are  selectively  inhibited  in 
virios- infected  Vero  cells  by  an  oligomer  vvJiich  is  cortplementary  to  the  exon/ 
intron  junction  of  an  immediate  early  mRNA. 

Dr.  Miller  recently  designed  a  new  type  of  methylphosphonate  oligomer  that 
forms  covalent  crosslinks  with  its  target  nucleic  acid.  The  oligomer  contains 
a  derivative  of  psoralen  attached  to  its  S'temiinal  nucleotide  r'esidue  v^iiich, 
when  irradiated  with  365  nm  light,  forms  adducts  with  cytosine,  uridine  or 
thymine  residues  of  the  canplementary  nucleic  acid  strand.  In  preliminary 
experiments  utilizing  very  low  concentrations  of  psoralen-derivatized  methyl- 
phosphonate oligoraer  complementary  to  6  globin  mRNA,  the  canpound  formed  cova- 
lent caaplexes  between  the  complementary  oligomer  and  mRNA  after  irradiation, 
resulting  in  a  75  percent  inhibition  of  translation  of  the  mRNA.  As  the 
specificity  of  the  oligodeoxyribonucleoside  methylphosphonates  resides  in  their 
ability  to  bind  to  complementary  nucleic  acid  sequences,  it  should  be  possible 
to  use  nucleic  acid  sequence  information  to  design  novel  derivatives  of 
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methylphosphonate  oligcxners,  \\3iich  can  be  used  to  study  gene  expression  and  the 
function  of  specific  proteins  in  normal,  transformed  or  virus-infected  cells. 

"Host  Molecules  that  Ccaiplex  and  Catalyze" 
ROl  GM  12640-21  (Cram,  D.),  University  of  California,  Los  Angeles 

A  powerful  probe  for  learning  about  the  physicochanical  basis  of  health  is  the 
creation  of  designed  organic  chemical  models  for  chemical  reactions  moderated  by 
enzymes.  Transacylases  are  inportant  in  the  synthesis  and  degradation  of  pro- 
teins and  fats.  The  active  sites  of  transacylase  enzymes  froii  a  variety  of 
organisms  appear  to  contain  concave  canplexing  sites  on  \fthose  rims  are  gathered 
an  hydroxyl,  an  imidazole,  and  a  carboxyl  group,  v\hich  act  cooperatively  to 
catalyze  acyl  transfer  reactions.  The  peptide  support  structures  that  provide 
organization  to  the  transacylase  active  sites  vary  widely  in  their  molecular 
weights  and  amino  acid  sequences. 

Based  on  the  hypothesis  that  entirely  different  support  structures  can  be  used 
to  synthesize  transacylase  catalysts  as  long  as  the  active  sites  are  organized 
similarly  to  those  of  tlie  enzyiaes  themselves.  Dr.  Crain  has  designed  a  potential 
artificial  transacylase  consisting  of  a  binding  site  and  the  three  functional 
groups  of  the  natural  transacylases  in  an  arrangement  resembling  that  of  the 
natural  enzyrae.  He  devised  an  increnental  approach  to  its  synthesis  to  test 
the  perfonnance  of  each  portion  of  the  molecule  before  fully  assaiibling  the 
four  parts.  The  binding  site  was  successfully  constructed  and  found  to  collect 
and  orient  the  reacting  molecules  as  anticipated.  The  hydroxyl  group  that  ac- 
cepts the  acyl  group  was  next  put  in  place  and  was  found  to  perform  its  assigned 
task  of  acting  as  an  acyl  acceptor.  Most  recently,  in  a  30  step  syntliesis, 
the  imidazole  group  was  properly  located  in  tlie  desired  synthetic  catalyst 
with  dramatic  results.  The  ccmpound  acted  as  an  acyl  acceptor  in  the  absence 
of  an  external  base  and  the  observed  acetylation  reaction  rate  was  100,000 
times  faster  than  that  measured  with  the  various  catalytic  parts  unassaiibled. 
Although  the  final  carboxyl  group  has  not  yet  been  introduced  into  the  ccirgpound, 
the  acylated  catalyst  undergoes  slew  hydrolysis  to  provide  catalytic  turnover. 
Dr.  Cram  hopes  that  addition  of  tliis  carboxyl  group  will  accelerate  the  hydrol- 
ysis. 

"A  Mimic  of  Tryptophan  Synthetase" 
RDl  a4  18754-01  ( Breslow,  R. ) ,  Columbia  University 

In  tryptophan  synthetase,  a  p^Tidoxal  cof actor  binds  a  serine  residue  and  pro- 
motes the  formation  of  a  dehydrated  derivative  that  reacts  with  indole,  held 
in  a  binding  pocket,  to  form  tryptophan.  Dr.  Breslow  and  his  coworkers  in  the 
Department  of  Chemistry  at  Columbia  University  have  synthesized  a  cyclodextrin 
molecule  carrying  a  pyridoxal  unit  (structure  2)  that  imitates  the  ability  of 
tryptophan  synthetase  to  bind  two  canponents  and  assemble  them,  forming  a  new 
carbon-carbon  bond.  In  tlie  artificial  enzyme,  the  pyridoxal  unit  binds  an 
amino  acid  v^ich  forms  the  aminoacrylic  acid  derivative  ccrnpound  1_,  vshile 
the  cyclodextrin  unit  functions  as  a  binding  pocket  to  hold  the  indole  in 
position  to  react  with  the  amino-acrylic  acid  derivative.  The  systaii  will 
catalyze  a  reaction  starting  with  serine  but  is  more  effective  v^hen  the  starting 
material  is  chloroalanine .  The  latter  ccmpound  generates  the  aminoacrylic 
acid  intennediate  1  more  readily  with  fewer  side  reactions.  Evidence  for  this 
mechanisra  is  based  on  the  fact  that  the  cyclodextrin-pyridoxal  catalyst  gives 
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higher  yields  than  does  a  simple  pyridoxal  derivative,  and  also  on  the  fac±. 
that  the  product  tryptophan  has  sane  optical  activity.  This  suggests  that  the 
product  is  formed  inside  tlie  chiral  cyclodextrin  unit.  Dr.  Breslow  is  attanpt- 
ing  to  improve  this  catalyst  by  adding  an  additional  basic  catalytic  group  and 
eliminating  sane  of  the  flexibility  in  the  systati. 
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"Metabolism  of  Aronatic  Conpounds" 
ROl  (M   05301-28  (Conn,  E.),  University  of  California,  Davis 

In  many  higher  plants,  the  aroiiatic  amino  acids  phenylalanine  and  tyrosine  are 
converted  to  cyanogenic  glycosides  by  the  biosynthetic  pathway  shown  below. 
Many  other  higher  plants  use  this  same  pathway  for  converting  the  aliphatic 
amino  acids,  valine,  isoleucine  and  leucine,  to  cyanogenic  glycosides.  (Sane 
animals,  including  millipedes  and  zygaenid  moths,  also  utilize  the  pathway  to 
produce  cyanogens . )  While  studying  the  fonnation  of  an  unknewn  cyanogenic 
conpound  fran  tyrosine  in  cell  susi^ension  cultures  of  California  poppy  (Esch- 
scholtzia  calif omica) ,  Dr.  Conn  and  his  colleagues  observed  the  formation 
of  l-(4'-hydroxyphenyl)-2-nitroethane.  Tliis  nitrocanpound  is  produced  by  cells 
v\*iich  are  osmotically  stressed  by  0.5  M  sorbitol,  a  condition  v\hic±i  is  known 
to  stimulate  the  production  of  isoquinoline  alkaloids  by  the  same  cells.  I4icro- 
sonal  preparations  fran  stressed  cells  catalyze  the  conversion  of  either 
Li-tyrosine  or  4-hydroxyphenylacetaldoxime  to  l-(4'-hydroxyphenyl)-2-nitroethane 
in  the  presence  of  NADPH.  The  aci-nitroconpound ,  produced  by  N-hydroxylation 
of  the  aldoxime,  is  tentatively  postulated  as  an  intermediate  in  the  formation 
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of  l-(4'-hydroxyphenyl)-2-nitroethane.  Thus,  a  third  class  of  toxic  natural 
plant  product — ccrapouiids  containing  an  aliphatic  nitro  group — shares  with 
cyanogenic  glycosides  and  glucosinolates  the  initial  steps  of  a  biosynthetic 
pathway  involving  N-hydroxylation  of  amino  acids.  This  class  includes  g-nitro- 
propionic  acid,  vvhich  occurs  as  a  glucose  ester  in  two  genera  of  legumes 
(Astragalus  and  Indigophera)  and  is  responsible  for  tlie  toxicity  of  several 
species  to  livestock. 
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"Selective  Destruction  of  Cytochrcme  P-450  by  Drugs" 
ROl  GM  25515-07  (Ortiz  de  Montellano,  P.),  University  of  California,  San 
Francisco 

The  cytochrcme  P-450  family  includes  some  forms  of  the  enzyme  primarily  devoted 
to  the  metabolism  of  foreign  ccmpounds  and  other  forms  primarily  devoted  to  the 
processing  of  endogenous  substrates,  including  cholesterol,  fatty  acids,  prosta- 
glandins, leukotrienes ,  bile  acids,  and  sterol  hormones.  Organisms  are  known  to 
be  much  more  vulnerable  to  oil-soluble  toxins  v*ien  tlrieir  P-450  shield  is  im- 
paired, but  little  information  is  available  on  whether  the  loss  of  P-450  itself, 
in  the  absence  of  a  toxic  challenge,  is  deleterious.  To  answer  this  question, 
it  is  necessary  to  eliminate  the  P-450  enzymes  involved  in  drug  metabolism 
without  eliminating  the  P-450  enzymes  that  are  an  integral  part  of  essential 
biosynthetic  processes,  such  as  sterol  biosynthesis.  This  need  is  met  by 
1-aminobenzotriazole,  a  suicide  substrate  developed  in  the  laboratory  of 
Dr.  Ortiz  de  Montellano  that  irreversibly  inactivates  up  to  80  to  90  percent 
of  the  hepatic  cytochrane  P-^50  in  uninduced  rats  without  detectably  affecting 
any  of  the  sterol  biosynthetic  enzymes  so  far  tested.  The  investigator  has 
found  no  detectable  changes  in  a  variety  of  parameters  that  measure  toxicity 
or  in  the  apparent  health  of  the  animals  after  administration  of  the  agent  to 
rats  for  up  to  two  weeks.  Thus,  drug  metabolizing  forms  of  cytochrcme  P-450 
appear  to  be  important  pritnarily  because  of  the  protection  they  provide  against 
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xenobiotics.  l-ATiiinobenzotriazole  should  find  wide  utility  in  studies  of  the 
role  of  cytochrcme  P-450  enzymes  in  physiological  and  toxicological  processes. 

In  order  to  examine  more  precisely  tiie  metabolic  role  of  a  single  form  of  cyto- 
chrone  P-450,  Dr.  Ortiz  de  Montellano  has  been  attanpting  to  differentially 
inactivate  the  closely  related  enzymes  that  hydroxylate  fatty  acids,  prosta- 
glandins, and  leukotrienes .  He  has  found  that  incorporation  of  an  acetyl enic 
group  into  the  substrates  of  these  different  enzymes  results  in  their  highly 
specific,  differential  inactivation.  Thus,  the  enzyme  tliat  hydroxylates  the 
terminal  carbon  of  short  chain  fatty  acids  (lauric  acid)  can  be  inactivated 
by  10-undecynoic  acid  witiiout  significantly  inactivating  the  enzymes  that 
hydroxylate  prostaglandins  and  leukotrienes,  vshereas  17-octadecynoic  acid,  the 
longer  chain  analog,  inactivates  the  latter  enzymes  without  affecting  the 
former.  These  inhibitors  and  closely  related  analogs  are  being  utilized  to 
study  the  role  of  fatty  acid  hydroxylases  in  a  variety  of  physiological  proc- 
esses. The  demonstration  that  closely  related  cytochrcme  P-450  enzymes  can 
be  differentially  inactivated  lends  support  to  the  feasibility  of  developing 
inhibitors  of  specific  cytochrcme  P-450  enzymes  that  could  be  used  as  thera- 
peutic or  insecticidal  agents. 

"Structure  and  Regulation  of  Cytochrane  P-450  Genes" 
ROl  (M   30701-04  (Mesnik,  M.),  New  York  University 

The  broad  substrate  specificity  of  the  cytochrane  P-^50  system  results  fran  the 
existence  of  at  least  a  dozen  distinct  forms,  or  isozymes,  of  P-450,  many  of 
v^ic±i  individually  exhibit  broad,  albeit  distinguishable,  specificity  profiles. 

Dr.  Adesnick  is  using  reccmbinant  DNA  techniques  to  study  the  structures  and 
interrelationships  of  various  cytochrane  P-450  genes  and  the  mechanisms  of  their 
regulation.  cDNAs  for  the  two  major  phenobarbital- induced  P-450  isozymes  of 
rat  liver  (P-450b  and  P-450e) ,  the  corresponding  gene  for  one  of  them  (P-450e), 
and  five  other  related  cross  hybridizing  genes  have  been  cloned.  Detailed 
sequence  analysis  of  portions  of  all  these  cloned  genes  provides  evidence  for 
extensive  sequence  exchange  within  the  region  containing  exons  7  and  8  (there 
are  9  exons  altogether)  and  the  intron  between  than  by  a  gene  conversion  mecha- 
nism. Based  on  these  data  and  published  sequence  data  for  other  P-450  isozyraes. 
Dr.  Adesnick  has  proposed  gene  conversion  to  be  an  inportant  evolutionary 
mechanism  for  generating  genes  encoding  related  cytochrane  P-450  isozymes. 

The  P-450b  and  P-450e  genes  are  expressed  and  induced  by  phenobarbital  in  the 
adrenal  gland  and  liver  but  not  in  the  kidney,  brain  or  preputial  gland.  Low 
levels  of  expression  of  the  P-450b  and/ or  P-450e  genes  were  found  in  the  lung. 
These  levels  were  approximately  10  fold  less  than  the  basal  level  in  the  liver 
and  were  unaffected  by  phenobarbital  administration.  A  related  -gene  that  en- 
codes an  as  yet  unidentified  P-450  isozyme  was  expressed  in  the  preputial 
gland,  an  organ  which  actively  synthesizes  steroids.  The  expression  of  several 
P-450  genes  in  organs  that  are  active  in  steroid  synthesis,  as  well  as  the 
known  capacity  for  P-4-50b  and  P— 450e  to  metabolize  steroids,  suggest  steroids 
as  the  endogenous  substrates  for  the  enzymes  encoded  by  tliis  gene  subfamily. 

Immunoscreening  of  cENA  libraries  with  antibodies  raised  against  P-450  PB-1  and 
2c,  v\hich  are  major  constitutive  forms  in  rat  liver,  has  permitted  isolation  of 
cDNA  clones  for  three  distinct  but  related  cytochranes  P^50,  v\*iich  on  the  basis 
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of  DNA.  sequence  analysis  encode  proteins  that  are  approximately  50  percent 
hcanologous  to  cytochrcane  P-450b.  Differential  hybridization  selection  experi- 
ments indicate  that  one  of  the  clones  identified  with  the  anti-PB-1  antibody 
appears  to  correspond  to  the  iriRNA  encoding  the  iramunogen,  vv^ereas  the  second 
corresponds  to  an  immunochanically  related  but  heretofore  uncharacterized  iso- 
zyme. Hybridization  experiments  shew  that  the  mRNAs  corresponding  to  one  of 
the  clones  is  induced  8-16  fold  by  phenobarbital  administration,  v^hereas  the 
second  is  induced  only  2-4  fold.  Given  the  fact  that  these  clones  represent 
genes  of  the  same  family  as  the  P-450b  ard  P-450e  genes  and  that  genariic  Southern 
blotting  with  these  probes  gives  non-overlapping  patterns  vvhich  are  as  com- 
plex as  that  obtained  with  P^50b  or  P-450e  probes,  this  gene  family  appears 
likely  to  contain  20  to  30  family  manbers  that  are  divided  into  at  least  two 
subfamilies . 

"Alteration  of  Metabolism  by  Structural  t-fcdifi cation" 
ROl  GM  25418-07  (Nelson,  S.),  University  of  Washington 

Dr.  Nelson  has  previously  shown  that  N-acetyl-p-benzoquinone  imine  is  a  toxic 
metabolite  of  the  widely  used  analgesic-antipyretic,  acetaminophen,  and  that 
cytochrane  P-450  can  catalyze  the  oxidation  of  acetaminophen  to  N-acetyl-p- 
benzoquinone  iroine.  Although  cytocVircrne  P-450-mediated  oxidation  is  largely 
responsible  for  formation  of  the  toxic  metabolite  in  the  liver,  prostaglandin 
synthase  may  be  the  more  important  oxidative  catalyst  in  other  tissues  such  as 
the  kidney.  Ram  serainal  vesicle  microscraes,  a  rich  source  of  prostaglandin 
synthase,  catalyze  the  formation  of  both  N-acetyl-p-benzoquinone  imine  and 
radical  reccrribination  products,  indicating  the  presence  of  potentially  toxic 
2-  and  1-electron  oxidation  products.  Inhibition  studies  showed  that  the 
hydroperoxidase  canponent  of  prostaglandin  synthase  is  responsible  for  tlie 
activation  of  acetaminophen. 

In  addition  to  its  activity  as  a  cosubstrate  of  prostaglandin  synthase,  acet- 
aminophen stimulates  the  conversion  of  prostaglandin  G2  to  prostaglandin  H2  at 
relatively  lew  concentrations  (0.2mM),  v\^ereas  it  inhibits  tlie  formation  of 
prostaglandins  frem  arachidonic  acid  at  high  concentrations  (>10raM).  A  series 
of  analogs  of  acetaminophen  have  this  effect;  tlie  order  of  potency  for  both 
stimulation  of  prostaglandin  H2  s^^mthesis  and  inhibition  of  prostaglandins  is 
correlatel  witii  tlie  electrocT-iemical  half-wave  potentials  of  tlie  canpounds. 
Therefore,  it  may  be  difficult  to  prepare  an  analog  of  acetaminophen  that  is  a 
good  inhibitor  of  prostaglandin  synthase,  and  thus  retains  therapeutic  activity, 
but  that  is  less  capable  of  being  oxidized  to  reactive  metabolites. 

Ejcraetimes  it  is  useful  to  generate  reactive  metabolites.  For  example,  arcmatase 
is  a  cytochrcxne  P-450  enzyme  cemplex  v«hich  catalyzes  the  oxidation  of  the 
male  hormonal  androgens  to  the  female  hormonal  estrogens.  Thus,  inhibition  of 
aranatase  can  limit  estrogen  production  vshich  is  of  therapeutic  benefit  in 
treating  cancers  tliat  are  dependent  on  estrogens  for  grcMtYi.  Dr.  Nelson  has 
made  minor  structural  modifications  to  the  hormonal  steroid,  androstenedione , 
in  attanpts  to  develop  a  suicide  inhibitor  for  the  enzyme.  His  research  group 
has  prepared  a  lO-inercapto  analog,  \Ahich  is  isosteric  with  androstenedione, 
and  a  19-mercapto  analog,  v^ich  is  isoelectronic  with  the  first  oxidation 
product  formed  by  aromatase  oxidation  of  androstenedione.  Both  analogs  are 
potent  suicide  inhibitors  of  human  placental  arematase,  probably  via  tlieir 
oxidation  to  reactive  sulfenic  acids  that  bind  to  the  active  site  of  the  enzyme. 
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"Inter individual  Variability  in  Oxidative  Metabolism  in  Man" 
POl  GM  31304-03  (Wilkinson,  G.),  Vanderbilt  University   ~ 

Differences  in  the  quantitative  handling  of  a  drug  by  oxidative  metabolism  often 
are  major  contributors  to  tlie  scraetiiaes  wide  interpatient  variability  in  drug 
responsiveness.  Patients  v/no  metabolize  a  drug  readily  may  receive  ineffective 
therapy  from  the  administration  of  usual  drug  dosages,  v\^ereas  poor  metabolizers 
may  have  an  increased  risk  of  adverse  effects,  or  vvJien  active  metabolites  are 
involved,  a  reduction  in  efficacy.  Dr.  Wilkinson  and  colleagues  at  Vanderbilt 
University  have  continued  their  studies  of  factors  involved  in  such  variability 
with  particular  interest  in  genetically  determined  polymorphisms  involving  the 
4-hydroxylation  of  debrisoquine  and  mephenytoin.  In  collaboration  with  Japanese 
investigators  at  the  University  of  Tsukuba,  they  have  canpared  the  frequency  of 
inpairment  of  these  two  independently  inherited  pathways.  In  Caucasians  living 
in  middle  Tennessee,  8  percent  were  found  to  be  "poor  metabolizers"  of  debriso- 
quine, an  incidence  similar  to  that  found  in  other  populations  of  the  same  ethnic 
origin.  In  contrast,  no  individual  was  found  in  Japan  v^^o  had  this  phenotype  in 
over  100  consecutive,  unrelated  subjects.  On  tlie  other  hand,  the  frequency  of 
impaired  oxidation  of  the  S-enanticmer  of  mephenytoin  was  sixfold  higher  in 
Japanese  versus  Caucasians,  that  is  18  percent  and  3  percent,  respectively. 
Tlriese  pronounced  interethnic  differences  in  oxidative  metabolism  confirms  a 
genetic  independence  of  the  two  polymorphisms  and  supports  anecdotal  and  clin- 
ical experience  that  drug  responsiveness  often  differs  substantially  between 
ethnic  groups  such  as  Orientals  and  Caucasians.  Given  the  international 
nature  of  drug  development  and  use  and  the  multiracial  populations  of  many 
countries,  the  findings  indicate  the  need  for  increased  recognition  of  such 
differences  in  drug  evaluation. 

While  the  debrisoquine  oxidative  status  is  now  known  to  be  linked  to  the  metab- 
olism of  over  30  different  drugs  ranging  from  tricyclic  antidepressants  through 
beta-adrenergic  blockers  to  antiarrhythmic  agents,  much  less  is  known  about  the 
specificity  of  the  S-mephenytoin  polymorphism.  In  collaboration  with  Dr.  F.  P. 
Guengericih,  Dr.  Wilkinson  has  identified  a  number  of  other  anticonvulsant  drugs 
whose  metabolism  is  thought  to  be  controlled  by  tlie  same  genetic  factor(s)  as 
that  of  mephenytoin.  This  grouping  was  based  on  their  ability  to  ccmpetitively 
inhibit  the  4-hydroxylation  pathway  in  human  liver  microsories  in  vitro.  A  ccm- 
mon  feature  for  potent  inhibition  is  the  presence  of  an  a-aryl-N-alkyl  lactam 
substructure,  e.g. ,  ethotoin,  methsuximide  and  mephobarbital .  Clinical  studies 
with  mephobarbital  confirmed  the  in  vitro  prediction  that  its  4-hydroxylation 
CO- segregates  with  that  of  mephenytoin.  These  invesigators  also  isolated, 
purified,  and  characterized  a  specific  cytochraiie  P^50  isozyme  froii  human 
liver  microscaraes  that  is  primarily  responsible  for  the  4-hydroxylation  of 
mephenytoin.  The  isozyme  differs  catalytically,  electrophoretically  and  immuno- 
chemically  frcjii  other  human  oxidative  isozymes.  Such  isozymes  will  be  useful 
for  studying  the  molecular  and  genetic  regulation  of  cytocihrane  P-^50  function 
in  humans. 

The  inportance  of  a  major  gene  effect  in  drug  metabolism  also  was  demonstrated 
during  the  clinical  evaluation  of  a  new  antiarrhythmic  agent,  propafenone. 
Early  studies  indicated  that  the  drug  is  efficacious  but  exhibits  pronounced 
interpatient  variability  in  disposition  and  effective  plasma  concentrations. 
Dr.  Wilkinson  and  colleagues  have  new  shown  this  to  be  due  to  the  production  of 
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a  pharmacologically  active  metabolite,  5-hydroxypropafenone,  vshich  is  determined 
by  the  debrisoquine  phenotype  of  the  patients.  Thus,  poor  metabolizers  have 
unexpectedly  high  plasma  levels  of  unchanged  drug  and  reduced  concentrations 
of  active  metabolite,  leading  to  an  increased  risk  of  adverse  effects  unless 
tlie  interphenotypic  difference  in  metabolism  is  taken  into  account. 

"Regulation  of  Cyclic  Nucleotide  Metabolism" 

ROl  GM  34497-05  (Gilman,  A. ) ,  University  of  Texas  Health  Sciences  Center,  Dallas 
"t4olecular  Basis  of  Receptor-Cyclase  Coupling" 

ROl  GM  27800-05  (Bourne,  H. ) ,  University  of  California,  San  Francisco 

Itenbers  of  a  family  of  manbrane-bound  guanine  nucleotide-binding  regulatory 
proteins  (G  proteins)  serve  as  information  transducers;  they  act  as  coupling 
factors  to  transmit  information  from  receptors  for  a  variety  of  regulatory 
conpounds,  such  as  hormones,  neurotransmitters,  or  certain  drugs,  to  effector 
proteins.  G  proteins  control  the  activity  of  hormone-sensitive  adenylate 
cyclase  in  essentially  all  cells,  the  activity  of  a  photon-activated  cyclic 
O-IP- specific  phosphodiesterase  in  the  retinal  rod  outer  segment,  and,  presum- 
ably, the  activity  of  other  proteins  as  well.  Because  of  their  key  role,  they 
have  been  the  focus  of  interest  by  several  investigators. 

Dr.  Gilman  determined  the  amino  acid  sequence  of  a  region  that  appears  to  be 
ccrnnon  to  the  a  subunits  of  all  G  proteins,  as  well  as  a  portion  of  the  ras 
oncogene  product.  He  then  used  this  amino  acid  sequence  to  produce  an  oligo- 
nucleotide probe  (a  36mer  with  minimal  redundancy),  and  in  turn  used  this  to 
screen  a  bovine  brain  cEJSlA  library.  The  only  clone  that  was  obtained  with 
this  probe  has  a  cDNA  insert  of  approximately  1700  base  pairs.  Analysis  of 
protein  and  DNA  sequences  indicates  tliat  the  clone  codes  for  a  G  protein  vhich 
is  distinct  fran  both  Gq^^,  the  most  ccmmon  G  protein  in  bovine  brain,  and  the 
a  subunit  of  transducin.  A  peptide  was  synthesized  according  to  the  deduced 
amino  acid  sequence  of  tlie  cDNA  clone;  antibodies  prepared  against  the  peptide 
react  specifically  with  GgQ,,  the  G  protein  that  stimulates  adenylate  cyclase 
activity.  In  addition,  RNA  that  hybridizes  with  probes  made  fron  the  clone  is 
detectable  in  wild  type  murine  S49  cells  by  Northern  analysis.  However,  mutant 
(cyc~)  S49  cells,  \Ahic±i  are  essentially  devoid  of  G^^  activity,  lack  this 
mRNA.  Thus,  the  cDtC^  clone  probably  corresponds  to  GgQ,.  This  vvork  will 
greatly  facilitate  study  of  the  synthesis  and  action  of  Gs  under  normal  and 
pathological  conditions. 

A  portion  of  Dr .  Bourne ' s  recent  research  has  focused  on  transducin,  a  gioanine 
nucleotide  binding  protein  of  retinal  rod  cells  that  mediates  the  activation  of  a 
cyclic  GMP  phosphodiesterase  in  response  to  photoexcitation  of  rhodopsin.  This 
signal  transducing  protein  is  a  heterotrimer  (Mj-:  a  =  39,000;  g  -  35,000;  and 
Y  =  8,000)  that,  as  indicated  above,  exhibits  striking  structural  and  functional 
homologies  with  the  stimulatory  (Gg)  and  inhibitory  (Gj^)  coupling  proteins 
of  hormone  sensitive  adenylate  cyclase.  Dr.  Bourne's  laboratory  recently 
isolated  and  sequenced  a  cDNA  from  bovine  retina  that  encodes  the  a  subunit  of 
transducin.  The  cOSIA  was  isolated  with  an  antibody  probe  from  a  bovine  retinal 
cns[A  library  in  lambda  gtll.  The  2.2  kb  cDNA  hybridized  to  a  single  mRNA 
species  in  extracts  of  bovine  retina  but  not  of  other  tissues. 

The  predicted  coded  sequence  of  the  cOSIA  includes  the  amino  acids  that  are  ADP- 
ribosylated  by  cholera  and  pertussis  toxins.   It  also  includes  four  segments. 
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ranging  froii  11  to  19  residues  in  length,  that  exhibit  significant  hcxnology  to 
4  regions  found  in  several  other  GTP-binding  proteins,  including  the  elongation 
factors  of  ribosomal  protein  synthesis  in  bacteria,  EF-G  and  EF-Tu,  and  the 
ras  proto-oncogene  products  of  man  and  yeast.  Because  previous  genetic  and 
bioc±iemical  evidence  indicates  that  each  of  these  four  regions  participates  in 
binding  or  hydrolysis  of  GTP  in  the  other  proteins,  the  four  honologous  segments 
in  the  siibunit  of  transducin  presuimbly  form  part  of  the  GTP  binding  site. 
The  amino  acid  sequence  deduced  in  this  study,  in  ccmbination  with  other  studies 
of  tryptic  fragments,  makes  it  possible  to  predict  which  portions  of  the  polypep- 
tide interact  with  otlier  molecules  involved  in  retinal  phototransduction,  in- 
cluding the  Sy  coTiponent  of  transducin,  rhodcpsin,  and  phosphodiesterase. 

Studies  frcm  otlier  laboratories  have  shov/n  homology  between  the  carboxyl  termi- 
nus of  transducin' s  y  subunit  and  the  carboxyl  tenninus  of  tlie  ras  proto-onco- 
gene iproduct,  p21,  carparable  in  degree  to  the  hanologies  between  amino  terminal 
sequences  of  the  GTP-biii±Lrg  daiiain  of  p21  and  amino  terminal  sequences  of  the 
a  subunit  of  transducin.  Thus,  botli  the  ras  and  G/transducin  protein  families 
may  derive  fran  a  common  evolutionary  precursor. 

"Hepatic  Microsomal  Enzyme  Metabolism  of  Anesthetics" 
ROl  GM  23029-07  (Kaminsky,  L. ) ,  New  York  State  Department  of  Health 

Previous  studies  showed  that  2,2,2-trifluoroethanol  is  the  cytochrome  P-450 
catalyzed  metabolite  of  the  volatile  anesthetic  agent  fluroxene  and  its  ethyl 
and  vinyl  analogs,  and  that  tliis  metabolite  is  responsible  for  the  lethality 
of  the  anesthetic  agent  in  rats. 

Recent  studies  by  Ettr.  Laurence  Kaminsky  reveal  a  novel  and  highly  caoplex  mecha- 
nism viSiereby  the  metabolite,  trif luoroethanol ,  expresses  its  lethal  effects. 
Trifluoroethanol  produces  marked  edesna  in  the  small  intestine  and  ileocecal 
junction,  and  the  associated  lesions  permit  bacterial  infection.  It  also 
markedly  decreases  the  bone  iiarrav-nucleated  cellularity.  As  a  consequence, 
the  peripheral  leukocyte  count  decreases  to  15  percent  of  control  values  and 
infecting  bacteria  are  able  to  proliferate.  Trifluoroethanol  appears  to  have 
a  direct  effect  on  bone  marrow  cells,  as  was  demonstrated  in  in  vitro  studies 
witli  bone  marrow  call  suspensions.  In  addition,  in  vivo  studies  show  that 
trifluoroethanol  synergistically  enhances  the  lethality  of  bacterial  endotoxins 
by  apx^roximately  1000-fold.  The  clinical  symptans  associated  with  death  frcm 
trifluoroetlianol  which  is  generated  metabolically  fraa  fluroxene  are  very  simi- 
lar to  those  associated  with  a  lethal  dose  of  endotoxin.  Metabolically  produced 
trifluoroethanol  thus  causes  lesions  vvhich  permit  bacterial  infection,  destroys 
the  host  defenses  against  the  bacteria,  and  synergistically  enhances  the  lethal 
effects  of  the  endotoxins.  Tliis  complex  mechanism  of  action  for  such  a  rela- 
tively sirtple  molecule  may  provide  insight  into  the  toxic  effects  of  many 
other  halogenated  xenobiotics. 

"Control  of  Intracranial  Pressure  During  Anesthesia" 
ROl  a4  33006-02  (Artru,  A.),  University  of  Washington 

For  patients  with  head  trauma,  hyperventilation  is  used  to  decrease  elevated 
intracranial  pressure,  thereby  minimizing  the  likelihood  of  brain  damage. 
Patients  with  head  trauma  vAio  are  being  treated  by  hyperventilation  often  re- 
quire anesthesia  for  surgery  to  repair  life-tlireatening  effects  of  trauma. 
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VJithout  anesthesia,  the  intracranial  pressure-lowering  effect  of  hyperventila- 
tion lessens  over  a  period  of  hours  and  may  be  lost  with  time,  so  that  patients 
again  are  at  risk  for  brain  damage.  Dr.  Alan  Artru  is  determining  vshetlier  con- 
monly  used  anesthetics  alter  the  changes  in  intracranial  pressure  that  are  in- 
duced by  hyperventilation,  using  procedures  that  permit  the  simultaneous  deter- 
mination of  intracranial  pressure,  cerebral  blood  volune,  and  cerebrospinal 
fluid  volume. 

With  no  potent  anesthetic  present  and  intracranial  pressure  initially  normal, 
hyperventilation  maintains  intracranial  pressure  at  low  values  over  four  hours. 
With  fentanyl  anesthesia  and  intracranial  pressure  initially  elevated,  hyper- 
ventilation causes  a  50  percent  reduction  in  intracranial  pressure,  vshich  is 
sustained  for  2.5  hours,  with  intracranial  pressure  increasing  to  a  30  percent 
reduction  by  four  hours.  No  expansion  of  tlie  cerebral  blood  volume  over  four 
hours  was  seen,  but  a  slight  expansion  of  cerebrospinal  fluid  volume  was  detect- 
able after  2.5  hours.  With  halothane  anesthesia  and  tlie  intracranial  xjressure 
initially  elevated,  hyperventilation  caused  only  a  slight  reduction  of  intra- 
cranial pressure,  and  by  four  hours  the  intracranial  pressure  was  elevated  by 
about  30  percent.  Both  cerebral  blood  volume  and  cerebrospinal  fluid  volumes 
expanded  during  the  four  hours  of  hyperventilation.  In  contrast,  with  no 
jxDtent  anesthetic  present  but  with  the  intracranial  pressure  initially  elevated 
by  an  intracranial  mass,  hyperventilation  results  in  a  30  percent  reduction  in 
intracranial  pressure  v^hich  is  sustained  over  four  hours.  The  cerebral  blood 
volume  expanded  by  about  1  ml  and  the  cerebrospinal  fluid  volume  conti"acted  by 
tlie  same  amount  over  four  hours. 

Thus,  fentanyl  slows  the  recurrence  of  elevated  intracranial  pressure  during 
hyperventilation  via  cerebrovasoconstriction.  In  contrast,  halothane  augnents 
the  recurrence  of  elevated  intracranial  pressure  during  hyperventilation. 
Tl:ie  cerebral  blood  volume  expansion  in  the  presence  of  halothane  was  similar  to 
that  seen  in  the  absence  of  a  potent  anesthetic,  and  the  cerebrospinal  fluid 
volume  also  v/as  increased,  indicating  impaired  reabsorption. 

This  work  should  danionstrate  v\hich  anesthetic  { s )  are  safest  for  patients  being 
hyperventilated  to  control  intracranial  pressure  and  also  should  provide  infor- 
mation as  to  tlie  mechanisms  that  are  resxx)nsible  for  tlie  recurrence  of  elevated 
intracranial  pressure. 

"Anesthesia-Analgesia  of  Awake  Cat  Spinal  Neurons" 
ROl  a  I  29065-05  (Collins,  J.),  Yale  University 

Dr.  J.  Collins  is  seekin>3  to  explain  how  an  anesthetic  produces  anestliesia. 
Toward  this  goal,  he  has  developed  a  technique  for  the  neurophysiological 
recording  of  extracellular  single  unit  activity  frcm  neurons  in  the  dorsal 
horn  of  tlie  spinal  cord  and  to  evaluate  the  effects  of  anesthetic  agents  on 
spinal  neuronal  activity.  He  has  used  this  technique  to  measure  tlie  spontaneous 
activity  in  lov/  tlireshold  neurons,  i.e.  those  neurons  responsible  for  signalling 
lo,i/  intensity  tactile  infonnation.  In  control,  drug-free  animals,  no  low 
tlireshold  neurons  had  spontaneous  firing  rates  greater  than  two  impulses  per 
second,  and  many  of  the  neurons  had  spontaiieous  firing  rates  less  than  0.5 
impulses  per  second.  In  contrast,  in  x^entob-arbital  anesthetized  animals 
approximately  1/3  of  tlie  neurons  recorded  thus  far  have  spontaneous  firing 
rates  greater  than  two  impulses  per  second,  witVi  sane  neurons  demonstrating 
rates  of  10-15  irtpulses  per  second. 
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The  absence  of  spontaneous  activity  in  control  animals  suggests  the  existence 
of  descending  modulatory  influences  that  inhibit  spontaneous  activity.  The 
presence  of  sj.xDntaneous  activity  in  low  threshold  neurons  in  anesthetized 
animals,  and  the  knowledge  that  ihliibitory  systa:as  may  be  more  susceptible  to 
anesthetic  actions  tlian  excitatory  systems,  suggests  that  the  spontaneous 
activity  seen  in  anesthetized  animals  may  be  due  to  anesthetic  inhibition  of 
descending  irihibitoiry  systems.  Release  of  spontaneous  activity  at  the  spinal 
level  by  barbiturates  may  i^rovide  a  partial  explanation  for  clianges  in  electri- 
cal activity  that  are  seen  in  supra-spinal  sites  during  clinical  anesthesia. 

The  signalling  capability  of  the  central  nervous  system  is  assumed  to  be  based 
upon  tlie  presence  of  a  signal  imbedded  in  noise  (spontaneous  activity).  Thus, 
the  increased  spontaneous  activity  that  occurs  in  the  presence  of  barbiturate 
anesthesia  may  produce  a  noise  level  \A^ich  interferes  v/ith  normal  signal  proc- 
essing, thereby  disrupting  the  ability  of  the  central  nervous  systea  to  ccrnnu- 
nicate  witli  the  periphery. 

"Anesthetic  Reactions  in  Surgery" 
ROl  GM  31382-02  (Louis,  C),  University  of  Minnesota  at  Minneapolis-St.  Paul 

Malignant  hyperthermia  is  thought  to  be  triggered  by  an  uncontrollable  release 
of  intracellular  calciura  in  muscle,  resulting  in  a  massive  increase  in  metabolic 
rate  and  muscle  contracture.  A  defect  in  the  ability  of  muscle  surface  membranes 
to  control  calcium  movement  could  contribute  to  the  onset  of  malignant  hyperther- 
mia. Dr.  Charles  Louis  has  prepared  sealed  vesicles  from  the  muscle  membranes 
of  pigs  that  are  susceptible  to  malignant  hypertliermia  and  is  determining  vAiether 
their  calcium  penaeability  is  abnormal.  These  vesicles  contain  an  ATP-dependent 
calcium  pump  vvhose  affinity  for  calcium  appears  capable  of  lcs,\?ering  sarcoplasmic 
calcium  to  tiie  levels  present  in  relaxed  muscle.  Furthermore,  the  activity  of 
this  pump  was  found  to  be  regulated  by  both  tlie  calcium  receptor  calitxxiulin 
and  the  cyclic  nucleotide  receptor,  cyclic  Al^-dependent  protein  kinase.  Thus, 
the  transport  of  calcium  across  muscle  surface  membranes  appears  to  be  sensitive 
to  the  circulating  levels  of  hormones.  In  addition  to  the  ATP-dejoendent 
calcium  transport  process,  the  muscle  surface  membranes  also  contain  a  sodium- 
calcium  exchange  system  that  could  be  one  of  tiie  multiple  mechanisms  by  v\^ich 
the  muscle  surface  iiienibrane  regulates  intracellular  calcium  levels.  As  the 
sodia-n-calcium  exchange  process  seans  to  be  regulated  by  ATP,  this  could  have 
implications  in  malignant  hypertheimiia  \\^ere  muscle  ATP  levels  are  depressed. 

The  mechanism  regulating  calcium  release  fron  the  sarcoplasmic  reticulum  of 
malitgnant  hyperthermia  muscle  was  conpared  with  that  of  control  muscle.  After 
passively  loading  the  sarcoplasriiic  reticulum  vesicles  with  calcium,  calcium  re- 
lease can  be  induced  from  the  vesicles  by  a  sudden  elevation  in  external  calcium. 
This  release  of  calciuni  is  enhanced  by  a  number  of  agents,  including  caffeine 
and  ATP,  and  is  inhibited  by  others,  including  MgCl2  and  rutheniurrt  red.  The 
calciura  concentration  at  v\^ich  this  release  is  half-maximally  activated  is  in 
tiie  microTiolar  range,  v\hich  is  in  the  range  of  calcium  concentrations  observed 
during  muscle  contraction  in  vivo.  For  sarcoplasmic  reticulum  frcm  animals 
exhibiting  malignant  hyperthermia,  calcium  release  is  triggered  at  a  lower  ex- 
ternal calcium  concentration,  and  the  amount  of  calcium  released  is  greater  than 
that  fran  sarcoplasmic  reticulum  of  control  aniraals.  Thus,  there  seems  to  be 
a  defect  in  the  control  of  tlie  calcium  release  process  in  pigs  susceptible  to 
malignant  hyperthenaia .   Whether  this  defect  is  in  the  sarcoplasmic  reticulum 
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or  in  the  transverse  tubules  canmunicating  to  the  sarcoplasmic  reticulum  is 
under  study. 

This  research  should  provide  a  better  understanding  of  muscle  function  in  malig- 
nant hyperthermia  which,  in  turn,  should  lead  to  improved  procedures  for  its 
diagnosis  and  treatment. 
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BIOPHYSICS  AND  PHYSIOLOGICAL  SCIENCES  PROGRAM 


SCOPE  AND  OBJECTIVES 

The  Biophysics  and  Physiological  Sciences  (BPS)  Program  was  established  in 
1984,  by  the  expansion  of  the  existing  Physiology  and  Biomedical  Engineering 
Program  to  include  aspects  of  biophysics  previously  distributed  through  other 
programs  within  the  Institute.  Part  of  the  rationale  for  this  reorganization 
was  the  rapid  growth  in  recent  years  of  research  in  the  biophysical  sciences, 
and  the  need  to  provide  a  focus  within  NIGMS  for  such  research. 

As  the  title  suggests,  this  Program  is  sanewhat  heterogeneous.  The  Biophysics 
Section  focuses  on  research  vvfliich  results  from  the  application  of  physical 
principles  to  biological  systems,  as  well  as  the  translation  of  these  efforts, 
throu^  engineering,  into  practical  applications.  Instrument  development  is 
also  supported  by  this  Section.  The  research  support  in  the  Physiological 
Sciences  Section  is  primarily  in  the  area  of  trauma  and  bum  studies.  This 
research  is  directed  towards  an  iitproved  understanding  of  the  total  body 
response  to  trauma,  and  the  molecular  mechanisms  underlying  this  response. 

The  systems  studied  by  these  two  sections  are  clearly  at  opposite  poles  in 
terms  of  their  corplexity.  However,  in  both  cases  the  intent  is  the  same, 
i.e.  to  provide  fundamental  information  about  the  biological  processes  in- 
volved. In  the  Biophysics  Section,  the  primary  goal  is  an  understanding  of 
the  structure  of  biological  macranolecules .  In  the  Physiological  Sciences 
Section,  a  major  goal  of  this  basic  research  is  an  optimal  treatitient  of  burn 
and  trauma  injuries. 

In  addition  to  research,  this  Program  supports  training  in  related  disciplines 
through  a  variety  of  mschanisms.  These  include  predoctoral  support  through 
institutional  training  grants  as  well  as  individual  postdoctoral  fellowships. 
In  addition,  the  NIC3^  Medical  Scientist  Training  Program  (MSTP)  is  admin- 
istered through  the  BPS  Program. 

RESEARCH  OVERVIEW 

1.   BIOPHYSICS  SECTION 

This  section  includes  a  number  of  research  interests  of  \Ahich  the  study  of 
biological  macrosTDleeales  is  predominant.  It  has  long  been  appreciated  that 
a  full  understanding  of  biological  systons  at  a  molecular  level  requires  a 
prior  understanding  of  structure-function  relationships  in  biological  macro- 
molecules,  particularly  of  proteins  and  nucleic  acids.  Perhaps  more  than 
most  areas  of  biology,  advances  in  this  realm  have  been  closely  linked  to 
advances  in  technology.  The  application  of  X-ray  crystallography  to  deter- 
mining the  structure  of  myoglobin  and,  later,  of  CNA,  showed  how  much  infor- 
rtetion  of  biological  irtportance  could  be  obtained  from  such  structural  studies. 
X-ray  crystallography  still  provides  the  most  detailed  picture  available  of 
molecular  structure;  however,  this  technique  has  its  limitations,  in  that  it 
gives  primarily  a  static  representation  of  what  are  known  to  be  dynamic  struc- 
tures, and  is  confined  to  the  crystalline  state.  The  modem  investigator 
has  available  a  wide  array  of  tools  for  the  determination  of  structure  at 
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different  levels  of  detail  and  under  different  conditions.  This  program 
supports  structural  studies  using  techniques  such  as  Ranan  spectroscopy,  flu- 
orescence, EXAFS,  and  EPR,  all  of  v^iich  have  unique  contributions  to  iteke  to 
specific  systems  under  specific  conditions.  Of  all  the  various  spectroscopic 
tools,  nuclear  magnetic  resonance  (NMR)  has  emerged  as  the  most  broadly  appli- 
cable. Indeed,  recent  developnents  have  allowed  a  resolution  of  structure 
using  NMR  vv^iich  in  seme  cases  approaches  that  of  X-ray  techniques. 

In  conjunction  with  these  tools,  molecular  genetics  offers  the  possibility 
of  providing  tailor-made  macrcniolecules  by  the  application  of  site-specific 
mutagenesis.  The  availability  of  such  molecules  allows  hypotheses  of  struc- 
ture-function relationships  to  be  tested  in  a  way  not  previously  possible.  As 
an  exanple,  this  has  given  research  related  to  the  study  of  protein-folding  a 
new  life. 

At  the  other  end  of  the  spectrum,  theoretical  developinents  in  nralecular  dy- 
namics, energy  minimization  of  molecular  structure,  and  distance  geometry 
calculations  have  given  new  vigor  to  models  of  macrcmolecular  structure  and 
provided  new  corputational  tools  for  the  determination  of  structure. 

Together  with  the  studies  on  structure  just  described,  this  Program  supports 
research  on  the  instrumentation  and  methods  develqprent  v\hidh  are  critical  to 
the  progress  of  the  field.  This  Program  also  supports  instrument  developtient 
in  cell  biology  and  in  separation  science.  This  includes,  for  exanple,  cell 
sorters  and  electron  microscopy,  v^ile  progress  in  mass  spectrcnetry  has  been 
particularly  noticeable.  Among  the  developrents  in  mass  spectrcanetry  of 
particular  iirportance  to  biology  is  the  extension  of  the  high  mass  range  into 
regions  v\here  bicsnolecules  that  were  previously  inaccessible  can  be  detected. 
Additionally,  new  approaches  to  the  analysis  of  poorly  volatile  molecules 
have  been  of  inportance. 

In  practice,  the  program  has  evolved  in  such  a  way  that  the  onphasis  is  largely 
on  the  developnent  of  methods  and  instrumentation  for  molecular  and  cellular 
analysis.  This  is  not  due  to  any  lack  of  interest  in  broader  physiological 
questions,  but  rather  is  a  consequence  of  the  natural  focus  of  engineering  and 
physiological  studies  on  particular  organ  systems,  or  on  other  structural 
units.  Consequently,  much  of  the  work  in  this  area  is  being  supported  by  the 
categorical  Institutes  of  NIH. 

A  small  portion  of  this  program  supports  algorithm  develc^xnent,  modeling, 
simulations,  and  heuristics. 

2.   PHYSIOLOGICAL  SCIENCES  SECTION 

Trauma,  including  bum  injury,  is  the  leading  cause  of  death  among  people  1  to 
44  years  of  age  and  the  fourth  leading  cause  of  death  in  all  age  groups. 
Bum  injury,  \A;hich  is  a  special  form  of  trauma,  hospitalizes  75,000  people 
each  year.  One-third  of  these  bum  victims  are  children  under  age  15.  Ap- 
proximately 12,000  bum  victims  die  annually,  making  bum  injury  the  third 
leading  cause  of  accidental  death  in  the  United  States. 

In  the  inmediate  24-hour  period  after  extensive  trauma  or  severe  buim  injury, 
a  cascade  of  systemic  responses  occurs.   When  these  changes  are  prolonged. 
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they  often  culininate  in  respiratory  and  cardiovascular  collapse,  metabolic 
(fys function,  kidney  failure,  and  overv^helming  infection,  any  of  whicih  may 
lead  to  death.  Among  surviving  patients,  scarring  and  distortions  of  muscle 
tissue  called  contractures  can  result  in  major  disfigurement  and  physical 
disabilities,  accctipanied  by  severe  psychological  stress  and  the  need  for 
extensive  rehabilitation. 

The  major  problem  facing  scientists  in  the  field  of  trauma  and  bum  research 
is  the  absence  of  an  adequate  understanding  of  the  mec±ianisms  that  underlie 
the  caiplications  of  severe  injury,  including  bums.  Much  more  needs  to  be 
known  about  the  basic  molecular,  biochemical,  and  physiologic  changes  caused 
by  this  type  of  injury. 

Research  support  in  this  section  concentrates  on  studies  relating  to  trauma 
and  bum.  These  range  from  the  molecular  level  to  effects  on  the  v^ole 
organism.  Investigators  supported  by  this  program  are  studying  the  role  of 
fibronectin  in  relation  to  shock  and  trauma;  the  nature  of  wound  healing 
and  the  effect  of  growth  substances  on  such  processes;  and  the  imnunologic 
and  physiologic  alterations  follaving  bum  injuries.  A  major  developrent, 
contributed  to  by  several  groups,  has  been  the  evolution  of  an  artificial 
skin. 

All  of  these,  and  other  studies,  have  as  their  principal  objective  the  enhance- 
ment of  our  knowledge  of  how  the  body  responds  to  trauma.  Given  the  non- 
specific nature  of  the  insult,  localizing  and  refining  the  mechanisms  v\*iich 
initiate  and  mediate  the  response  is  a  formidable  task,  and  one  v^iich  generally 
requires  a  multidisciplinary  approach.  Consequently,  this  section  supports  a 
nuriiber  of  trauma  and  bum  centers  v^^ich  are  usually  placed  in  the  context  of 
larger  trauma  treatment  centers.  In  FY  85,  the  Institute  funded  nine  highly 
specialized  trauma  and  bum  centers.  Although  progress  has  been  slew,  because 
of  the  corplexity  of  the  problem  and  the  difficulty  of  defining  appropriate 
model  systems,  notable  advances  have  been  rtade  v^hich  have  reduced  morbidity 
cind  mortality  significantly. 

SHARED  INSTRUMENTATION 

As  noted  in  the  1983  Annual  Report  of  the  Physiology  and  Bionedical  Engineering 
Program,  the  NIGMS  Shared  Instrumentation  Program  is  continuing,  albeit  at  a 
greatly  reduced  level.  The  reason  for  this  is  not  a  lack  of  interest,  but 
rather  that  the  Division  of  Research  Resources  (DRR)  is  new  the  major  focus 
within  NIH  for  requests  of  this  kind.  Consequently,  the  NIGMS  program  new 
restricts  itself  to  applications  that  do  not  fall  within  the  scope  of  the  DRR 
guidelines.  In  practice,  this  means  requests  for  equipment  in  the  price  range 
$30-100,000.  In  the  last  fiscal  year,  four  such  awards  were  made. 

SMALL  BUSINESS  INNOVATIVE  RESEARCH  (SBIR) 

The  SBIR  Act  of  1982  mandated  that  federal  agencies  supporting  scientific 
researcjh  set  aside  a  certain  percentage  of  their  R&D  budgets  for  applications 
fron  small  businesses.  The  awards  were  expected  to  be  of  a  more  applied 
nature,  ultimately  leading  to  ccramercial  products  or  services.  Within  NIGMS, 
a  major  category  of  this  type  of  application  is  in  the  area  of  instrument  and 
methods  development.   This  includes  a  broad  array  of  bioengineering  projects. 
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In  1985,  the  BPS  Program  received  102  such  applications,  and  funded  22,  out  of 
a  total  of  153  received  by  the  Institute.  The  total  dollars  awarded  within 
the  BPS  Program  was  slightly  over  $2  million. 

Among  the  applications  funded  are  the  development  of  fiber  cptics  for  the 
transmission  of  a  CO2  laser  beam,  the  construction  of  new  magnets  for  in  vivo 
NMR,  and  the  development  of  corputerized  methods  for  scanning  and  transmitting 
radiological  data. 

NEW  INVESTIGATOR  RESEARCH  AWARDS 

In  addition  to  the  individual  research  grants  (ROl),  the  program  project  (POl) 
and  research  center  (P50)  mechanisms,  this  Program  also  has  available  New 
Investigator  Research  Awards  (R23).  These  latter  are  intended  to  aid  individ- 
uals in  their  transition  from  M.D.  and  subsequent  researc±i  training,  to  becom- 
ing independent  investigators.  The  New  Investigator  Research  Awards  (NIRA) 
are  limited  to  three  years.  In  order  to  continue  their  research,  the  investi- 
gators must  coipete  for  a  regular  research  project  grant.  During  FY  85,  there 
have  been  six  applications  for  new  awards  of  v\*iich  three  were  funded.  There 
have  been  12  grants  active  during  FY  85,  one  of  which  was  ccrrpleted  during  the 
year. 

RESEARCH  TRAINING 

Predoctoral  Training  -  Systems  and  Integrative  Biology 

The  training  program  in  Systems  and  Integrative  Biology  (SIB)  plays  an  impor- 
tant role  in  the  NICSVIS  training  picture.  As  part  of  the  BPS  Program,  it  has 
provided  predoctoral  training  in  both  physiology  and  bionedical  engineering. 

Programs  are  multidisciplinary  in  scope  but  may  enphasize  one  or  the  other 
discipline.  The  Institute  has  been  insistent  that  bionedical  engineering 
programs  provide  a  strong  biological  orientation  so  that  trainees  may  fully 
enter  the  world  of  biomedical  research.  There  has  been  a  similar  eirphasis  on 
appropriately  quantitative  training  for  the  more  physiologicaly  oriented  train- 
ees trainees.  The  SIB  training  also  has  a  place  in  the  overall  Institute 
training  approach.  The  SIB  training  programs  concentrate  on  bicmedical  prob- 
lems above  the  cellular  level,  in  many  respects  taking  up  v^here  the  Cell  and 
Molecular  training  grants  leave  off.  There  is  often  a  meshing  of  the  neuro- 
biological  interests  of  many  SIB  preceptors  with  the  interests  of  preceptors 
in  the  Pharmacological  Sciences  training  program.  Since  several  of  the  SIB 
programs  have  a  neurobiological  errphasis,  appropriate  for  a  program  stressing 
integration,  regulation  and  interactions,  the  trainees  may  continue  in  research 
areas  not  supported  by  NIGMS.  This  is  consistent  with  the  NIGMS  intent  to 
prepare  basic  researchers  for  all  bionedical  areas,  '  including  those  relevant 
to  the  categorical  institutes. 

The  physiological  programs,  v*hich  have  been  an  inportant  ccnponent  of  SIB 
grants,  have  shewn  significant  changes  over  the  past  several  years.  The 
number  of  students  applying  to  graduate  programs  appears  to  be  declining. 
This  decrease  is  not  observed  in  all  graduate  physiology  departments,  how- 
ever, and  in  several  institutions  the  quality  of  the  entering  student  body 
is  as  good  as  or  better  than  in  past  years,  despite  a  decrease  in  applications. 
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At  the  same  time,  neurobiology  appears  to  attract  sane  of  the  best  graduate 
students  in  biomsdicine.  Students  of  highest  quality  are  still  seeking  out 
all  areas  of  neurobiology:  developmental,  behavioral,  and  central  processing. 

For  exanple,  three  SIB  programs  at  major  universities  have  admitted  a  record 
number  of  graduate  students  in  neurobiology  in  1985,  because  of  the  large 
number  of  superbly  qualified  candidates.  All  three  have  found  the  number  of 
exceptional  applicants  in  other  areas  to  be  declining,  and  have  decreased  the 
number  of  admittees  in  other  areas.  This  strengthening  of  neurobiology  rela- 
tive to  sane  other  disciplines  is  also  evidenced  by  the  increasing  fraction 
of  MSTP  trainees  doing  research  in  the  area.  In  nHny  institutions,  such  as 
the  University  of  California,  San  Francisco,  Washington  University  and  the 
University  of  Chicago,  the  SIB  strengths  in  neurobiology  aid  the  overall 
training  environment  in  MSTP.  Of  course,  in  roar^  other  institutions,  such  as 
Yale,  Harvard,  the  University  of  Pennsylvania,  and  Johns  Hopkins,  the  SIB 
programs  in  other  areas  of  physiology  and  bianedical  engineering,  cotplement 
and  strengthen  the  MSTP  programs  there. 

When  the  SIB  program  was  established,  seme  concern  was  expressed  that  students 
in  the  more  physiological  graduate  programs  might  not  be  seeking  and  obtaining 
training  v^ich  was  sufficiently  quantitative.  These  concerns  are  turning  out 
to  be  largely  unfounded.  The  pervasiveness  of  catputers  in  modem  laborato- 
ries has  enabled  researchers  to  use  more  sophisticated  data  gathering,  modeling 
and  simulations  than  ever  before.  The  top-ranked  graduate  students  actually 
lead  the  way  in  cotputer  use  and,  far  fran  avoiding  quantitative  approaches, 
are  seeking  them  out.  Modem  students  are  leaders  in  the  electronic  revolu- 
tion. 

There  has  been  sane  turnover  of  training  grants  in  the  past  fiscal  year.  A 
long-term  grant  and  first-time  grant  failed  to  be  rated  sufficiently  well  for 
renewal.  At  the  same  time,  several  nav  grants  were  funded.  At  both  the  Univers- 
ity of  California  at  San  Diego,  and  at  Washington  University,  previously  funded 
training  programs  were  reorganized  and  new  proposals  were  submitted  following 
lapses  in  support.  Both  these  new  programs  are  excellent,  and  better  organized 
as  training  programs  than  the  previously- funded  grants.  The  other  nev  grant  is 
to  a  newly  funded  joint  program  in  bianedical  engineering  caribining  the  engineer- 
ing training  at  the  University  of  California,  Berkeley,  with  the  bianedical  re- 
search opportunities  at  the  University  of  California,  San  Francisco.  There  are 
few  bianedical ly-oriented  bioengineering  programs,  and  it  is  doubly  pleasing 
to  see  a  promising  new  one  established,  and  be  able  to  offer  NIGMS  training 
support.  Sane  nav  proposals,  requesting  funding  in  FY  86,  have  been  submitted 
and  initially  reviewed.  They  do  shew  considerable  merit  and  pronise.  The 
number  of  new,  high-quality  proposals  attests  to  the  vigor  of  the  SIB  training 
program. 

Training  Grants  in  Trauma  and  Bum  Research 

Eight  postdoctoral  training  grants  in  trauma  and  bum  research  have  been  active 
during  the  past  year,  one  of  than  (at  the  University  of  California,  San  Fran- 
isco)  in  its  final  year.  All  but  one  of  the  22  appointed  trainees  hold  M.D. 
degrees;  the  exception,  a  Ph.D.  recipient,  was  appointed  only  for  six  months  to 
ccnplete  his  training.  All  but  one  slot  was  filled.  One  new  training  grant 
(at  the  University  of  South  Alabama,  Mobile)  was  activated  on  July  1st,  thus 
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naking  no  change  in  the  total  number  of  grants.  The  number  of  trainee  positions 
awarded  for  the  following  year  has  decreased  to  20. 

The  basic  research  pursued  by  these  trainees  includes  studies  on  fibronectin 
in  relation  to  shocik  and  trauite  at  SUNY,  Albany  (Dr.  Saba,  Program  Director); 
studies  on  osteogenesis  and  scar  formation  at  the  Massachusetts  General  Hos- 
pital, Boston  (Dr.  Burke,  Program  Director);  studies  on  the  role  of  prostenoids 
in  pulmonary  response  to  injury  at  University  of  Washington,  Seattle  (Dr. 
Carrico,  Program  Director);  studies  on  mechanisms  of  lung  injury  associated 
with  trauma  and  sepsis  at  Brigham  &  Wanen's  Hospital,  Boston  (Dr.  Hechtman, 
Program  Director) ;  studies  on  the  role  of  calcium  as  an  insulin  secretogogue 
at  Washington  University,  St.  Louis  (Dr.  Monafo,  Program  Director);  studies 
on  non-invasive  methods  for  monitoring  the  healing  of  fibial  fractures  at  Beth 
Israel  Hospital,  Boston  (Dr.  Silen,  Program  Director);  and  studies  in  Germany 
on  the  permeability  of  lung  capillaries  after  trauma  and  sepsis  in  relation 
to  the  ARDS  by  a  University  of  California,  Davis  trainee  (Dr.  Blaisdell, 
Program  Director) . 

Most  of  the  former  trainees  are  continuing  in  academic  research  and  teaching  or 
carpleting  residency  training. 

Ocnibined  M.D.-Ph.D.  Training  -  Medical  Scientist  Training  Program 

The  Medical  Scientist  Training  Program  (MSTP)  supports  highly  motivated  stu- 
dents having  outstanding  potential  for  a  research  and  academic  career  with 
integrated  scientific  and  medical  training  leading  to  the  corbined  M.D.-Ph.D. 
degree.  The  program's  goal  is  to  prepare  its  graduates  to  function  independ- 
ently in  both  basic  research  and  clinical  investigation. 

MSTP  grants  are  made  to  universities  and  their  medical  schools.  The  25  insti- 
tutions that  currently  receive  MSTP  support  are  responsible  for  the  operation 
of  their  individual  programs,  including  the  selection  of  students  to  be  sup- 
ported. Collectively,  these  25  programs  offer  the  683  carefully  selected 
trainees  a  choice  of  a  wide  range  of  graduate  programs  in  the  biological, 
chemical,  physical  and  social  sciences. 

Nationally,  approximately  100  medical  schools  offer  opportunities  for  M.D.- 
Ph.D.  studies.  Over  the  past  few  years  there  has  been  a  noticeable  increase  in 
the  number  of  medical  schools  expressing  an  interest  in  participating  in  the 
MSTP.  Several  have  reorganized  their  combined  degree  programs  so  as  to  provide 
a  central  focus/administration  for  operating  the  program  and  advising  students. 
Many  have  included  the  participation  of  all  of  the  relevant  graduate  training 
faculty  and  have  changed  their  admission  practices  so  that  a  student  is  ad- 
mitted on  a  school-wide  basis  rather  than  by  graduate  department.  Same  have 
taken  the  additional  step  of  funding  their  own  programs.  This  increased  in- 
terest has  already  resulted  in  a  number  of  new  applications  requesting  MSTP 
support.  Overall,  it  is  clear  that  some  schools  have  taken  significant  steps 
to  bolster  the  quality  of  their  caribined  degree  offerings  and  may  successfully 
ccrtpete  for  MSTP  funds  in  the  near  future. 

The  graduates  of  the  MSTP  continue  to  distinguish  themselves,  both  individually 
and  collectively.  A  preliminary  study  is  being  made  of  the  1174  trainees  v*io 
entered  the  program  in  the  period  between  FY  1964-1978.   While  this  study  is 
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not  yet  cxarplete,  the  findings  to  date  indicate  that  as  of  1983-84  about  70% 
of  the  trainees  achieved  the  M.D.-Ph.D.  degree  (during  this  period  scane  pro- 
grams did  not  require  all  students  to  pursue  both  M.D.  and  Ph.D.  degree  study); 
5%  are  still  working  to  corplete  their  degree  studies.  Of  these  dual  degree 
graduates,  431  are  still  in  training  as  residents,  fellcws  or  research  associ- 
ates; 351  have  carpleted  their  post-graduate  studies  and  trade  career  choices 
{88%  are  in  academic  or  research  positions,  12%  are  in  itedical  practice.)  It 
is  of  interest  to  note  that  of  those  v\ho  did  not  ccxtplete  dual  degree  study 
but  vsho  have  finished  their  post-graduate  training,  60%  hold  academic  or  re- 
search positions. 

RESEARCH  HIGHLIGHTS 

Biophysics 

Among  the  methods  for  determining  macratolecular  structure,  X-ray  crystal- 
lography remains  paramount.  Consequently,  developrents  in  technology  in  that 
area  are  of  great  significance.  These  include  data  collection  procedures  and 
inprovemsnt  of  refinement  methods.  The  highli^ts  presented  in  this  area 
utilize  a  variety  of  such  new  methods  in  studying  systems  as  varied  as  lipids 
and  protein-nucleic  acid  interactions. 

The  study  of  proteins  involved  in  the  regulation  of  gene  expression  is  of 
major  inportance.  Studies  of  the  structural  basis  of  such  regulation  are  seen 
through  exanples  not  only  frcm  X-ray  crystallography,  but  organic  synthesis  of 
synthetic  restriction  enzymes,  and,  in  particular,  the  use  of  NMR. 

New  developments  in  NMR  shew  considerable  premise  in  being  able  to  determine 
structures  in  aqueous  solution  at  atotdc  resolution.  This  is  shown  through 
studies  on  both  nucleic  acids  and  proteins. 

A  variety  of  other  techniques  is  also  available  to  study  molecular  structure. 
Although  these  do  not  have  the  general  applicability  of  X-ray  crystallography 
and  NMR,  in  particular  circumstances  they  have  unique  value  and  can  provide 
information  not  otherwise  available.  Exanples  are  provided  for  Raman  spectros- 
copy and  electron  microscopy. 

Finally,  this  Program  supports  a  variety  of  studies  on  modeling  and  mathe- 
matical methods.  One  such  exanple,  modeling  of  human  circadian  rhythms,  is 
given. 

"Structural  Basis  of  Enzyme  Action,  Specificity,  and  Control" 
Project  #5  of  5  POl  GM22778-10  (Steitz,  T.)  Yale  University 

Dr.  Steitz 's  X-ray  crystal lographic  studies  on  the  structure  of  proteins 
and  nucleic  acids  have  yielded  iitportant  information  on  the  mechanism  and 
role  of  ligand  induced  conformational  changes  in  protein  and  enzyme  specificity 
and  control.  Previous  work  from  his  laboratory  has  focused  on  the  nature, 
role  and  mechanism  of  conformational  changes  in  the  catalytic  action  of 
yeast  hexckinase.  His  work  on  the  lac  repressor  core  and  other  ESsIA-binding 
proteins  has  led  to  new  knowledge  on  protein-DNA  recognition.  His  laboratory 
has  an  inpressive  ability  to  generate  excellent  and  scientifically  significant 
projects  and  to  generate  crystals  of  sufficient  quality  for  structural  deter- 
minations. The  latest,  and  perhaps  most  exciting,  of  these  projects  involves 
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resolvase,  the  site-specific  recoribination  enzyme  fran  the  prokaryotic  trans- 
posable  element  Y**. 

Resolvase  is  involved  in  the  insertion  and  excision  of  transposable  elements 
into  the  host  I3SiA..  The  primary  function  of  resolvase  is  to  catalyze  an  intra- 
molecular site-specific  recoribination  between  two  identically  oriented  copies 
of  y  .  This  enzyme  also  serves  as  a  transcriptional  repressor  that  regulates 
ejcpression  of  the  divergently  transcribed  transposase  and  resolvase  genes. 
During  reccxrfoination  (the  breaking  and  rejoining  of  OSTA  strands  to  produce  new 
ccrribinations  of  DNA  molecules),  resolvase  acts  as  a  site-specific  topoisonerase 
v^iose  activity  is  triggered  by  interaction  of  two  sites  on  the  WK  v\hich  the 
resolvase  recognizes  and  binds  to.  There  are  a  total  of  three  binding  sites 
on  the  ENA,  spanning  about  120  base  pairs  of  the  intergenic  region.  Since  all 
three  sit.es  are  required  for  maximal  reccribination  efficiency,  they  define  the 
reccxtibination  site,  res.  The  recombination  reaction  eind  site  have  previously 
been  characterized,  ma3d.ng  this  an  interesting  protein  for  structural  studies. 

The  structural  determination  of  resolvase  is  difficult  since  it  is  insoluble 
at  lew  ionic  strength  and  thus  not  easy  to  crystallize.  Nevertheless,  Dr. 
Steitz  and  his  coworkers  have  obtained  crystals  of  native  resolvase  and  have 
determined  a  low  resolution  structure,  showing  the  molecule  to  have  two  domains 
and  to  be  a  tetramer  in  the  crystal.  Since  the  crystals  diffract  poorly,  it 
is  unlikely  that  hi^  resolution  results  will  be  obtained  from  these  crystals. 
Fortunately,  however,  the  protein  can  be  proteolytically  cleaved  into  two 
fragments,  equivalent  to  its  two  domains:  a  large  fragment  that  forms  all  of 
the  subunit  contacts  and  presumably  catalyzes  the  recoribination  reaction,  and 
a  small  fragment  that  binds  specifically  to  the  sites  in  the  transposable 
element.  The  large  fragment  crystallizes  in  several  well-ordered  forms.  Dr. 
Steitz  is  collecting  hi^  resolution  data  from  these  crystals  on  an  X-ray  area 
detector  and  is  utilizing  site  directed  mutagenesis  to  introduce  a  sulfhydryl 
group  in  the  hope  of  producing  a  good  heavy  atom  derivative  and  thus  solve  the 
phase  problem  inherent  to  crystallograpiiic  projects.  Attenpts  to  crystallize 
the  small  fragment  on  its  own  and  as  a  coiplex  with  ESSIA  fragments  of  about  10 
base  pairs  also  seem  very  promising.  Dr.  Steitz 's  structural  studies  should 
indicate  the  mechanism  by  which  resolvase  recognizes  specific  ESsIA  sequences. 
Additional  questions  will  focus  on  the  role  and  function  of  the  three  different 
DNA  binding  sites,  the  mechanisms  of  recombination,  and  the  mechanism  of  move- 
ment of  the  two  nSTA  duplexes  and  protein  subunits.  Dr.  Steitz  has  chosen  an 
exciting  and  challenging  problem,  and  is  making  inpressive  progress. 

"X-Ray  Diffraction  Studies  of  Vertebrate  Eye  Mgtibranes" 
RDl  GM  32614-06  (Reynolds,  G.  and  Gruner,  S.  M. )  Princeton  University 

Biomembranes  are  amongst  the  most  inportant,  and  least  understood,  parts  of 
the  living  cell.  A  typical  biomaiibrane  consists  of  rou^ly  equal  masses  of 
protein  and  a  mix  of  lipids.  The  proteins  act  as  the  chemically  specific 
machinery  of  the  moribrane,  performing  such  tasks  as  transport,  hormone  recog- 
nition, and  enzymatic  catalysis.  The  lipids  are  a  class  of  relatively  similar 
molecules  v\*iich  aggregate  to  form  the  planar  bilayer  matrix  in  vhich  the  pro- 
teins are  imbedded. 

The  prc^jerties  required  of  the  lipid  molecules  are  poorly  understood.  To 
illustrate  the  problem,  consider  that  the  different  kinds  of  bicxnearibranes  in  a 
cell  each  have  quite  different  lipid  cotpositicxis .   If,  by  reasons  of  diet  or 
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nutation,  the  cell  is  denied  a  specific  lipid  ccrponent,  the  membranes  perform 
a  very  ccnplicated  readjustment  of  their  entire  lipid  spectrum  in  an  attenpt 
to  ccnpensate.  Often  the  cells  can  adjust,  resulting  in  an  entirely  differ- 
ent set  of  lipid  ccnpositions.  The  physical  characteristics  of  the  membrane 
v^ich  are  being  adjusted  by  this  lipid  turnover  are  not  kncwn.  Our  knowledge 
of  the  process  is  so  limited  that  basic  research  is  still  struggling  to  find 
the  right  physical  processes  to  explore  and  the  ri^t  questions  to  ask.  Yet 
the  relations  to  health  are  immediate  and  profound.  For  instance,  if  raanmals 
are  fed  a  diet  deficient  in  essential  fatty  acids,  >*iich  are  necessary  precur- 
sors for  synthesis  of  certain  lipids,  the  maribrane  readjustment  process  fails 
and  the  animals  die  with  multiple  pathological  syirptoris. 

The  effects  different  lipids  confer  on  the  physical  properties  of  bilayer 
membranes  are  being  investigated  by  Drs,  Sol  M.  Gruner  and  George  T.  Reynolds. 
These  studies  were  undertaken  in  an  attenpt  to  understand  the  interplay  of 
lipid  ccnposition  and  structure  in  vertebrate  retinal  membranes.  In  the  last 
decade  it  has  become  known  that  rou<^ly  half  the  lipids  of  a  typical  biomem- 
brane  are  of  a  type  v^ich  spontaneously  form  bilayers  when  purified,  v\^ereas 
the  remaining  lipids  (dubbed  "non-bilayer"  lipids)  do  not,  by  themselves, 
readily  form  bilayers.  Moreover,  the  essential  dietary  fatty  acids  nrentioned 
earlier  are  required  for  synthesis  of  the  "non-bilayer"  lipids.  The  route 
taken  ty  Drs.  Gruner  and  Reynolds  has  been  to  formulate  a  statistical  mechani- 
cal theory  of  molecular  characteristics  v^iich  distinguish  bilayer  from  "non- 
bilayer"  lipids.  Inherent  in  the  theory  are  a  set  of  measurable  physical 
parameters  v^^ose  values  determine  if  a  lipid  mix  is  stable  as  a  bilayer  or  a 
non-bilayer  configuration.  Most  iirportantly,  the  theory  yields  direct  insight 
as  to  hcM  molecular  features  ccsribine  to  result  in  final  values  of  the  physical 
parameters.  The  theory  allows  one  to  understand  how,  and  if,  a  readjustment 
of  the  ratios  of  lipids  in  a  mix  may  be  performed  to  catpensate  for  the  loss 
of  a  component  of  the  mix  to  allow  the  parameters  to  be  kept  constant. 

E5cperimental  verification  of  the  theory  has  been  obtained  over  the  last  two 
years  by  using  the  technique  of  x-ray  diffraction  to  measure  the  structure  of 
lipid  phases.  An  inportant  physical  parameter  of  the  theory  was  the  intrinsic 
radius,  Rq,  through  Vihich  a  lipid  layer  must  be  bent  to  minimize  its  elastic 
energy.  It  was  discovered  that  the  addition  of  several  percent  dodecane  to  a 
lipid  mixture  allowed  the  systan  to  form  cylinders  of  lipid,  the  radii  of 
vAiich  were  at  the  elastic  minimum.  X-ray  diffraction  of  the  bilayer  lipids 
dioleylphosphatidylcholine  (PC)  and  dioleylphosphatidylethanolamine  (PE)  in- 
dicated that  the  formsr  had  a  Icirge  value  of  Rq  vMle  the  latter  had  a  small 
value.  Experiirents  performed  on  PE-PC  mixtures  verified  that  the  Rq  value  of 
the  mixture  varied  systematically  with  the  PE  fraction  and  correlated  well 
with  the  minimum  tarperature  at  \A^ich  a  bilayer  configuration  was  destabilized 
and  transforned  into  a  nonbilayer  phase.  Thus,  it  was  shown  that  the  intrinsic 
curvature,  B^,  is  a  property  of  the  lipid  layer  v\^ich  measures  the  stability 
of  the  bilayer.  Bilayers  are  unstable  v*ien  Rq  is  small. 

In  collaboration  with  Drs.  P.  Cullis  and  C.  Tilcock  at  the  University  of 
British  Columbia,  a  ccstibined  x-ray  diffraction,  NMR,  and  electron  microscopic 
study  was  undertaken  to  examine  molecular  features  Vihioh  affect  the  Rq  value 
of  lipids.  The  classic  bilayer  and  "non-bilayer"  lipids  PE  and  PC,  respec- 
tively differ  only  in  the  degree  of  methylation  of  the  molecule.  Consequently, 
lipids  were  synthesized  with  intermediate  degrees  of  methylation.  These  were 
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then  subjec±ed  to  structural  analysis  to  determine  hew  methylation  was  affect- 
ing the  intentDlecular  forces.  The  results  of  these  studies  demonstrated  that 
water  ccxipetes  with  inter-lipid  hydrogen  bonds  in  bonding  to  the  lipid  phos- 
phate groups.  The  effect  of  methylation  was  to  shift  the  ccxipetition  in  favor 
of  the  water,  thereby  lessening  inter-lipid  forces  in  the  polar  part  of  the 
lipid  layer.  The  intrinsic  curvature,  Rq,  is  related  to  the  ratio  of  the 
polar  to  non-polar  forces;  thus,  the  net  effect  of  methylation  was  to  increase 
Rq*  The  same  effect  has  been  recently  measured  in  PE-PC  mixtures  in  vihich 
the  average  number  of  methyl  groups  per  molecule  was  adjusted  by  varying  the 
PE  to  PC  ratio.  Another  result  of  this  study  was  insight  as  to  vhy  dehydration 
of  a  lipid  system  prcmotes  the  formation  of  non-bilayer  phases:  removal  of 
surface  water  shifts  the  hydrogen  bonding  equilibrium  in  favor  of  inter-lipid 
bonds,  thereby  reducing  Rq  and  destabilizing  the  bilayers. 

The  experiments  and  theory  coribine  to  yield  detailed  insight  as  to  v^hat  distin- 
guishes bilayer  and  non-bilayer  lipids.  Most  fundamentally,  each  carponent 
contributes  to  the  elastic  bending  energy  via  individual  contributions  to  a 
final  value  of  Rq  vihich  characterizes  the  lipid  mix.  Packing  constraints 
ccnpete  against  deformations  of  the  lipid  sheet  by  raising  the  local  free 
energy.  If  Rq  is  small,  then  a  tight  local  deformation  can  ccrnpete  favorably 
against  the  packing  constraints,  vhich  fight  the  deformation,  and  non-bilayer 
organizations  result.  If  Rq  is  large,  then  bending  defontations  are  energet- 
ically unfavorable,  and  bilayers  are  the  stable  structures.  Hcwever,  inter- 
mediate values  of  Rq,  v*hich  are  obtained  v\hen  bilayer  and  "non-bilayer"  lipids 
are  mixed,  form  marginally  stable  bilayers  \«hich  can  be  locally  deformed  by 
small  perturbations  of  the  packing  contraints. 

Research  etphasis  is  new  shifting  to  measurement  of  the  parameters  for  various 
real  biomaribranes .  Drs.  Gruner  and  Reynolds  have  postulated  that  Rq  is  the 
critical  parameter  that  is  adjusted  for  each  type  of  manbrane  and  that  the 
packing  parameters  are  locally  modulated  by  the  protein  mediated  insertion  of 
hydrophobic  bicpolymers.  The  fact  that  real  biomembranes  contain  both  bilayer 
and  "non-bilayer"  lipids  suggests  that  the  Rq  value  should  result  in  marginally 
stable  bilayers.  This  is  precisely  the  regime  over  v^ich  local  packing  modu- 
lation is  most  effective  in  exerting  local  control  of  the  molecular  geemetry. 
In  other  words,  it  may  be  that  nature  does  not  want  extraordinarily  stable 
(eg.  large  Rq)  bilayers  because  there  is  no  way  to  locally  destabilize  them. 
Rather,  overall  stability  can  be  achieved  via  control  of  the  intrinsic  curvature 
parameter  while  allcwing  for  the  controlled  local  instability  required  for 
cellular  functions  such  as  endocytosis  and  membrane  fusion.  Further  measure- 
ments are  needed  to  test  these  ideas.  However,  if  they  are  correct,  they  will 
provide  a  much  needed  rationale  for  the  reasons  behind  the  lipid  corposition 
of  bicmembranes . 

"A  Synthetic  Restriction  Enzyme  -  A  Step  in  the  Right  Direction" 
ROl  GM  33023-01  (Orgel,  L.)  Salk  Institute  for  Biological  Studies 

Restriction  enzymes  are  essential  tools  for  modem  molecular  biologists.  As  a 
result  of  their  ability  to  bind  to  (recognize)  specific  sites  on  raiA  and  cleave 
ESSIA  at  that  site,  they  have  beceme  useful  tools  for  such  procedures  as  gene 
napping  and  the  replacement  of  specific  sequences  in  genes.  A  limitation  to 
the  use  of  restriction  enzymes  has  been  that  a  scientist  has  to  depend  on  the 
generosity  of  mother  nature  to  produce  a  restriction  with  the  desired  specific- 
ity. 
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A  major  step  in  overconing  this  difficulty  has  been  taken  by  Leslie  Orgel  and 
Beirbara  C!hu  at  Salk  Institute  in  work  supported  by  GM  33023.  In  this  project 
they  synthesized  an  orgeinic  molecule  v^ich  cleaves  single  stranded  ESSIA  at  a 
specific  site.  An  inportant  feature  is  that  the  specificity  can  be  varied  at 
will. 

This  project  represents  an  extension  of  the  elegant  work  of  Peter  Dervan  and 
his  colleagues  at  the  California  Institute  of  Technology  (supported  by 
GM  27681)  •  In  that  work,  Dervan  synthesized  ccnpounds  that  mimic  the  cancer 
chemotherapeutic  drug,  bleomycin,  in  its  mechanism  of  action.  That  is,  his 
compounds  contain  a  moiety  with  DNA  binding  properties  (e.g.  an  intercalator 
such  as  daunonycin)  and  an  iron(Il)EDTA  moiety.  The  iron(ll)EDTA  moiety  proved 
to  be  the  txisiness  end  of  the  molecule  in  that  in  the  presence  of  atmospheric 
oxygen  and  dithiothreitol,  free  radicals  capable  of  cleaving  EasIA  are  produced. 
The  rasiA  binding  iroiety  acts  to  localize  the  destructive  action  of  the  radicals 
to  a  site  on  the  EXSIA.  Orgel  and  Chu  have  taken  this  project  one  step  further. 
They  have  replaced  the  rather  non-specific  ENA  binding  portion  of  Dervan 's 
ocnpounds  with  an  oligonucleotide  of  defined  sequence.  Ideally,  this  oligo- 
nucleotide should  bind  specifically  to  a  cotplementary  sequence  on  another 
strand  of  EMA  and  cleave  the  ESSIA  at  that  site.  The  beauty  of  this  procedure 
is  that,  theoretically,  the  binding  site  (and  hence  the  cleavage  site)  can  be 
specified  by  the  sequence  of  the  oligonucleotide  binding  portion.  Given  the 
ease  with  v>*iich  specific  sequences  can  be  synthesized,  it  should  be  possible 
to  synthesize  an  artificial  restriction  enzyme  of  any  desired  specificity. 

Althou^  this  scheare  works  fine  on  paper,  in  practice  Dr.  Orgel 's  initial 
experiments  have  shown  that  there  are  still  many  obstacles  v^Siich  need  to  be 
overcome.  Specifically,  vAiat  Dr.  Orgel  has  done  is  to  synthesize  a  test  E*iIA 
sequence  37  nucleotides  long  and  a  cleaving  caipound.  The  cleaving  corpound 
consists  of  a  sequence  16  nucleotides  long  v\hich  is  ccnplementary  to  a  portion 
of  the  37-mer,  and  this  16-mer  is  attached  via  an  ethylenediamine  linker  to  an 
iron(ll)EDTA  moiety.  The  individual  portions  of  the  molecule  are  shewn  belcw: 


O  II 
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The  idea  behind  the  experiment  is  that  the  cleaving  molecule  binds  to  the  test 
strand  and  cleaves  at  the  site  shown. 
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Under  actual  experimental  conditions,  the  cleavage  nolecule  is  incubated  with 
the  test  strand  labeled  with  3 IP  at  the  5'  end,  dithiothreitol ,  and  poly-A 
\«^ich  functions  as  a  free  radical  trap.  The  reaction  is  stopped  by  addition 
of  excess  EDTA  (to  sequester  the  iron  from  the  cleavage  catpound)  and  the 
results  analyzed  by  gel  electrophoresis.  The  najor  product  was  shewn  to  be 
the  expected  26-iTer  with  breakage  at  adjacent  residues.  A  minor  product  was  a 
16-18-mer  produced  presumably  by  the  iron(ll)EDTA  moiety  doubling  back  along 
the  chain  as  a  result  of  the  flexibility  of  the  ethlyenediamine  linker. 

Thus,  although  initial  results  are  very  encouraging,  there  are  still  problans 
to  be  overccsne.  The  first  is  the  less  than  perfect  specificity  of  the  cleavage 
reaction.  Orgel  and  Chu  suggest  that  a  less  flexible  linker  might  be  used. 
The  second  difficulty  is  that  the  yield  of  the  reaction  is  low  (only  about  15% 
of  the  test  strand  is  cleaved) .  Adjusting  conditions  may  serve  to  optimize 
the  yield. .  Another  approach  may  be  to  select  a  cleaving  moiety  more  potent 
than  iron(ll)EETA.  Finally,  the  major  limitation  is  that,  as  formulated,  the 
"artificial  enzyme"  cleaves  only  single-stranded  nucleic  acids  because  it  does 
not  have  sufficient  affinity  to  displace  the  carplonentary  strand  fran  double 
stranded  OsIA.  While  these  cofrpounds  mi^t  exhibit  great  utility  in,  for  ex- 
anple,  mapping  single  stranded  viral  DNA  or  RNA,  the  utility  of  restriction 
enzymes  has  been  that  they  cleave  double  stranded  EXSIA.  Hence,  future  work 
will  need  to  focus  on  increasing  the  affinity  of  these  molecules. 

Hidden  in  this  initial  success  is  that  Chu  and  Orgel 's  real  contribution  has 
been  the  development  of  the  chemistry  v^ich  allows  almost  any  organic  group  to 
be  attached  to  the  5'  end  of  an  oligonucleotide.  Thus,  v^ile  an  obvious  ap- 
plication is  that  described  here,  there  are  others,  such  as  attaching  signals 
to  probes.  In  the  end,  v>^at  Chu  and  Orgel  envision  is  that  saneday  we  might 
knew  v^at  specific  sequences  cause  genes  to  beceane  oncogenes  and  lead  to  can- 
cer. It  then  mii^t  be  possible  to  design  a  ccsrpound  with  built  in  specificity 
to  destroy  oncogenes  and  leave  normal  DNA  intact. 

"Studies  of  Protein  Internal  Ntotion  by  ISIMR" 

ROl  GM  23289-08  (Griffin,  R.  G. )  Massachusetts  Institute  of  Technology 
ROl  GM  24266-07  (Opella,  S.  J.)  University  of  Pennsylvania 

Over  the  past  five  years,  interest  in  protein  dynamics  has  been  rapidly  in- 
creasing. Of  course,  the  concept  of  a  native  protein  as  a  flexible  rather 
than  a  rigid  structure  is  of  much  earlier  origin.  However,  both  theoretical 
and  e5^)erimental  studies  provide  new  evidence  that  is  considerably  more  de- 
tailed in  its  description  of  molecular  motion.  In  particular,  nuclear  magnetic 
resonance  (NMR)  has  been  of  great  value.  The  most  cesnmon  application  of  NMR 
is  to  the  study  of  molecules  in  solution.  However,  orientation  dependent 
NMR-parameters  get  averaged  out  ty  the  rapid  rotational  and  translational 
movement  of  the  protein.  In  contrast,  measurements  in  the  solid  state  allow 
the  observation  of  internal  motions  over  a  wide  range  of  time  scales. 

Model  studies  of  crystalline  amino  acids  and  peptides  shew  not  only  amino  and 
methyl  group  rotations,  but  also  significant  side  chain  rotation.  Crystalline 
phenylalanine  deuterated  in  the  five  position  has  an  NMR  frequency  that  depends 
only  on  the  angle  between  C-^H  axis  and  the  inposed  magnetic  field.  It  is 
therefore  easy  to  calculate  spectra  to  conform  to  a  number  of  situations,  e.g. 
v^ere  there  is  no  ring  movement,  vihere  the  rings  flip  between  two  equilibrium 
orientations,  etc.  Griffin  and  others  have  shown  that  the  phenylalanine  system 
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exhibits  fast  ring  flips  that  are  consistent  with  a  two-site  juitp  of  180°. 
Griffin  has  suggested  that  L-[d5]  phenylalanine  contains  two  different  crystal- 
line forms,  one  of  vy^iich  permits  fast  ring  flips.  Studies  with  other  aniino 
acids  shew  an  inconsistent  pattern,  with  seme  exhibiting  motion  and  others 
not.  It  appears  that  the  internal  dynamics  are  very  sensitive  to  crystal  pack- 
ing. A  correlation  between  X-ray  crystal  structure  and  NMR  results  should 
provide  useful  information  on  this  point. 

similar  studies  have  been  performed  by  Opella  and  his  colleagues  on  arematic 
rings  in  the  coat  protein  of  the  filamentous  virus  fd.  This  system  is  examined 
in  solutions,  since  nobility  of  the  structure  is  so  lew,  and  thus  solid  state 
methods  must  be  used.  Opella  has  observed  clear  motional  patterns  for  phenyla- 
lanine and  tyrosine,  with  juirps  almost  identical  to  the  180°  flips  seen  in 
the  crystalline  phenylalanine.  Conversely,  the  single  tryptophan  in  the  coat 
protein  does  not  shew  such  mDvement,  although  it  is  not  clear  that  mobility 
can  be  entirely  ruled  out. 

These  and  other  results  provide  an  experimental  counterpart  to  the  theoretical 
studies  of  internal  dynamics  in  proteins.  Further,  this  is  an  approach  that 
cannot  be  duplicated  by  such  high-resolution  but  static  methods  as  X-ray  crys- 
tallography. With  inproved  methods  of  data  acquisition  and  analysis,  inportant 
advances  should  be  forthccming. 

"The  Structure  of  Actin  Determined  frcro  Electron  Micrographs" 
ROl  GM  26723-06  (Smith,  P.  R. )  New  York  University  Medical  Center 

The  field  of  structural  biology  ultimately  attorpts  to  reveal  biological  struc- 
ture at  atomic  resolution.  Until  relatively  recently  it  has  been  assumed  that 
X-ray  crystallography  was  the  only  method  vAiich  could  generate  the  three-dimen- 
sional molecular  structure  of  raacromolecules  at  this  level  of  detail.  Hewever, 
the  studies  of  a  number  of  investigators,  (in  particular  the  laboratories  of 
Klug  and  of  Unwin  and  Henderson) ,  have  demonstrated  the  pewer  of  image  process- 
ing techniques  in  obtaining  three-dimensional  structural  information  frcm 
electron  micrograph  inages.  The  inportance  of  this  should  not  be  underesti- 
mated, since  many  biological  structures  cannot  meet  the  rigorous  criteria  of 
crystallization  of  ise«norphous  replacement  required  for  high-resolution  X-ray 
analysis . 

There  are,  hewever,  a  number  of  factors  preventing  the  direct  visualization  of 
high-resolution  structural  details  in  proteins  ty  electron  microscopy.  These 
include  specimen  preparation  artifacts,  radiation  damage,  the  lew  contrast 
(and  thus  lew  signal-to-noise)  of  biological  materials,  and  the  loss  of  three- 
dimensional  information  arising  frem  the  great  depth  of  field  of  a  transmission 
electron  microscepe. 

Hewever,  these  contraints  can  to  seme  considerable  extent  be  overceme  by  image 
enhancement  and  three-dimensional  reconstruction  of  lew^ose  electron  micro- 
scope images.  Image  enhancement  consists  primarily  of  inproving  the  signal- 
to-noise  ratio  of  the  structure  of  interest.  This  can  be  done  either  by 
superinposing  a  set  of  images  representing  cannon  views  of  a  material,  or  lyy 
obtaining  the  structure  in  the  form  of  an  ordered  array.  The  material  can  then 
be  averaged  over  the  array  using  Fourier  transform  methods  together  with  spatial 
filtering.  The  latter  is  by  far  the  method  of  choice,  if  apprcpriate  ordered 
arrays  can  be  obtained. 
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The  need  for  three-dimensional  reconstruction  arises  from  the  fact  that  elec- 
tron microsccpes  have  a  depth  of  focus  of  several  hundred  angstroms.  Con- 
sequently, a  micrograph  is  a  projection  image  in  two-dintensions  of  structural 
features  fron  different  depths  in  the  specimen  plane.  The  reconstruction  once 
again  involves  Fourier  transform  techniques,  and  the  use  of  a  set  of  tv\o-dimen- 
sional  projection  images  taken  frcan  different  directions.  In  the  case  of  a 
crystalline  sheet,  this  involves  tilting  the  sheet  with  respect  to  the  electron 
beam. 

Dr.  P.  R.  Smith,  of  New  York  University,  in  collaboration  with  Drs.  Pol  land, 
Aebi,  and  Fowler  at  Johns  Hopkins,  has  attenpted  to  determine  the  structure  of 
actin  fron  Acanthamoeba  by  the  use  of  image  reconstruction  techniques.  A 
detailed  understanding  of  actin  polymerization  and  of  actin  interaction  with 
myosin  and  other  proteins  has  been  limited  by  a  lack  of  detailed  structural 
information  about  both  the  actin  molecule  and  the  actin  filament.  Smith  and 
his  colleagues  have  attorpted  to  determine  actin  structure  fron  rectangular 
actin  sheets  with  hi^ly  ordered  areas.  The  sheets  are  negatively  stained  to 
help  stabilize  the  structure  and  provide  contrast.  The  crystalline  sheet  was 
tilted  at  different  angles  up  to  60  degrees  to  provide  a  set  of  projection 
irtages.  Three-dimensional  reconstruction  yields  an  actin  molecule  >^ich  ap- 
pears as  an  ellipsoid  of  dinensions  55Ax33Ax43A.  In  more  detail,  it  appears 
to  be  wedge-shaped,  with  a  base  of  43A  and  a  top  of  about  25A.  There  is  sane 
indication  that  it  is  bilobed,  with  a  shallow  groove  in  the  middle  of  the 
molecule  separating  the  large  base  fron  the  smaller  top. 

Paracrystals  of  the  actin  filament  were  also  studied.  These  contain  structural 
data  to  the  30A,  ccrtpared  to  the  approximately  15A  resolution  obtainable  fron 
the  crystalline  sheets.  The  filaitent  model  obtained  frcsn  reconstructions 
indicates  the  presence  of  wedge-shaped  subunits  with  a  length  of  about  55A 
along  the  filarrent  axis.  Although  no  available  filaitent  naps  provide  enough 
resolution  to  unambiguously  trace  the  individual  actin  subunits,  there  are 
features  v^hich  can  be  used  as  constraints  in  model  building.  Using  these  con- 
straints and  the  actin  model  obtained  frcni  the  crystalline  sheets,  a  filament 
model  can  be  built  vAiich  satisfies  the  experimental  data  available  fron  the 
filament.  The  results  obtained  are  in  good  qualitative  agreonent  with  reoon- 
strrictions  obtained  in  other  laboratories.  The  model  shows  wedge-shaped  actin 
subunits  aligned  witli  their  long  axis  approximately  parallel  to  the  filament 
axis,  with  the  wedge  pointing  towards  the  "barbed"  end  of  the  filament.  The 
filament  thus  has  a  distinct  polarity. 

It  is  clear  that  three-dimensional  reconstruction  of  electron  microscope  images 
has  many  pitfalls  and,  in  general,  provides  substantially  poorer  resolution 
then  single-crystal  X-ray  studies.  Nonetheless,  it  can  provide  information  on 
systems  such  as  actin,  v^ere  X-ray  data  is  limited,  particularly  for  organized 
structures  such  as  the  actin  filament.  In  addition,  the  use  of  actin  sheets 
offers  the  possibility  of  locking  at  the  interaction  of  actin  and  actin-binding 
proteins  vy^ich  may  bind  to  the  sheet.  In  order  to  inprove  resolution  of  struc- 
ture details,  the  major  limitations  to  be  overccanne  are  in  the  area  of  specimen 
preparation.  In  particular,  the  use  of  negative  staining  autonatically  limits 
the  obtainable  resolution  of  structural  details  to  15  to  30A.  Attertpts  to 
inprove  both  specimen  preparation  and  methods  for  three-dimensional  recon- 
struction are  being  made. 
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"Dynamic  Aspects  of  EgJA  Recognition" 
POl  (M  32614-02  (Reid,  B.)  University  of  Washington 

Dr.  Brian  Reid  and  his  colleagues  in  the  program  project  on  DNA  structure  and 
recognition  at  the  University  of  Washington  are  closing  in  on  the  problem  of 
how  gene  expression  is  controlled  at  the  level  of  molecular  and  atonic  detail. 
Their  success  is  due  to  the  developinent  of  two-dimensional  nuclear  magnetic 
resonance  (2EaS!MR)  methods  to  assign  almost  all  of  the  hundreds  of  hydrogen 
atOTis  in  the  NMR  spectra  of  repressor  proteins  and  regulatory  DNA  sequences 
such  as  operators  and  prcmoters.  They  can  thereby  study  the  structure,  dy- 
namics and  interactions  of  these  molecules  in  solution.  The  EWA  sequences 
used  in  their  studies  were  synthesized  in  quantitites  sufficient  for  NMR  ejcper- 
iraents  in  the  program  project  core  laboratory  by  Dr.  Shan-Ho  Chou. 

Using  2E8SIMR  techniques.  Dr.  Reid  and  colleagues  in  the  program  project  (Drs. 
Gary  Drobny,  David  Weramer  and  J.  Mic±iael  Schurr)  initially  napped  out  all  of 
the  proton-proton  networks  between  base  pairs  in  the  double  helical  DNA  mole- 
cule, d(CGCGAATrcXXX5) .  These  studies  were  then  extended,  first  to  synthesize 
both  strands  of  a  DNA  duplex  containing  the  Pribncw  -10  prcmotor  TATAATG  and 
then  to  assign  the  protons  in  the  sequence  of  2DNMR.  Prorotors  are  short 
regulatory  DNA  sequences  that  function  in  the  control  of  ESSiA  transcription  by 
binding  RNA  polymerase  such  that  RNA  synthesis  is  correctly  initiated.  The 
Pritncw  pronotor  sequence,  or  "TATA"  box,  is  the  one  located  most  proximal  to 
the  site  of  initiation  and  is  upstream  at  about  -10  from  the  first  transcribed 
residue.  Dr.  Reid  and  coworkers  examined  the  prototype  or  consensus  sequence 

CGTTATAATGGG 
GCAATATTAGGC 

in  y^iich  the  proitotor  is  flanked  to  two  CG  pairs  to  stabilize  the  ends  of  the 
helix.  In  the  above  sequence,  the  central  ten  base  pairs  are  the  actual  pro- 
motor  sequence  of  the  spc  ribosomal  operon  and  the  central  ei^t  pairs  are  the 
sequence  for  a  prcmotor  in  the  SV40  virus.  The  imino  protons  and  almost  all  of 
the  nonexchangeable  base  and  sugar  protons  were  assigned  and  the  confonration 
and  stability  of  the  molecule  were  studied.  The  helix  assumes  as  fairly  uni- 
form B  conformation  and  exhibits  asymmetrical  melting;  it  is  relatively  un- 
stable in  the  center  of  the  AT-rich  region,  despite  being  surrounded  ty  GC  base 
pairs.  Similar  studies  have  been  carried  out  on  the  phage  lambda  ORB  operator 
DNA  and  vC3  single  base-pair  mutant. 

In  an  unexpected  sideline  to  this  research.  Dr.  Weramer  discovered  that  inter- 
changing the  fifth  and  eighth  base  pairs  of  the  Eco  RI  sequence  CX3CGAATTGGCX5  to 
form  instead  CGGGTATA0GC3G  leads  to  extensive  formation  of  a  looped  hairpin  DNA 
structure  in  solution  via  internal  "bulging"  and  cruciform  propagation  under 
physiological  conditions.  The  formation  of  such  hairpin  structures  in  DNA  was 
previously  thou^t  to  require  torsional  superhelical  twisting. 

In  parallel  NMR  studies.  Dr.  Reid  and  coworkers  are  also  investigating  re- 
pressor proteins.  They  are  using  strategies  similar  to  those  developed  by 
Drs.  Wuthrich,  Ernst  and  colleagues  in  Zurich.  By  means  of  2CaS]MR  methods,  Mr. 
Paul  Weber,  a  graduate  student  in  Dr.  Reid's  laboratory,  was  successful  in 
sequentially  connecting  and  assigning  protons  in  adjacent  amino  acid  residues 
throughout  the  laitda  phage  cro  repressor  protein.  This  represents  the  first 
cotplete  assignment  of  a  repressor  protein  NMR  spectrum.   It  should  pave  the 
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way  for  future  NMR  experiments  on  repressor-operator  ccnplexes. 

An  even  more  interesting  recent  developsnent  is  the  ability  to  determine  the 
three-dimensional  structure  of  nucleic  acids  and  proteins  directly  fran  solu- 
tion using  2DISIMR  data  cotibined  with  coiputer  methods.  The  off-diagonal  cross 
peaks  in  a  two-dimensional  nuclear  Overhauser  effect  spectroscopy  (NOESY)  ex- 
periment identify  pairs  of  protons  that  are  sufficiently  close  (less  than  5 
Angstroms)  to  be  dipolar  coupled  through  space,  provided  the  mixing  time  during 
Vihich  proton-proton  cross-relaxation  occurs  is  kept  reasonably  short.  Frcxn  the 
time-dependent  intensities  of  the  NOESY  peaks,  these  distances  can  be  calcu- 
lated with  a  precision  of  0.3  Angstroms.  The  resulting  network  of  about  1000 
distances  can  be  thought  of  as  threads  of  string  tying  down  hundreds  of  known 
points  in  the  molecule.  A  three-dimensional  structure  that  conforms  to  all 
these  constraints  was  calculated  by  means  of  matrix  coiputer  methods.  Dr. 
Dennis  Hare,  a  consultant  to  the  program  project  and  a  former  graduate  student 
of  Dr.  Reid's,  has  written  (with  partial  support  fran  an  NIH  SBIR  grant,  O^ 
35620)  an  efficient  carputer  algorithm  for  oribedding  the  hundreds  of  experi- 
mental constraints  from  distance  space  into  Cartesian  3-space.  A  sinpler  two- 
dimensional  analogy  of  this  problon  would  be  the  reconstruction  of  a  map  of 
the  United  States  given  only  the  distances  between  pairs  of  cities  that  are 
within  500  miles  of  each  other.  Using  NOESY  data  alone,  the  three-dimensional 
structure  of  the  ENA-recognition  dcmain  of  cro  repressor  in  solution  has  re- 
cently been  determined;  it  agrees  very  well  with  the  X-ray  structure  of  this 
protein  determined  by  Dr.  Brian  Matthews  and  coworkers  at  the  University  of 
Oregon  (GM  20066). 

with  minor  modifications,  the  corputer  program  is  equally  capable  of  determin- 
ing nucleic  acid  structure.  Drs.  Hare  and  Reid  have  now  determined  the  com- 
plete solution  structure  of  a  DNA  hairpin  entirely  from  NMR  data.  This  is  the 
first  such  atypical  non-duplex  ESsIA  structure  to  be  determined  at  atonic  resolu- 
tion ty  any  technique.  From  the  progress  of  the  program  project,  it  appears 
that  NMR  is  becoming  an  extremely  inportant  new  tool  for  examining  the  molec- 
ular structure  of  inportant  biological  polymers  with  a  level  of  precision 
rivaling  that  of  crystallography,  without  the  often  frustrating  requirement  of 
growing  crystals.  Progress  in  these  areas  should  new  be  accelerated  by  the 
availability  of  the  new  500  MHz  NMR  spectrometer  recently  built  by  Dr.  Gary 
Drobny,  also  with  support  from  this  program  project  grant.  The  only  limit  to 
the  method  is  spectral  resolution  and,  at  current  NMR  frequencies  of  500  MHz, 
polymers  larger  than  10,000  to  15,000  molecular  weight  may  unfortunately  be 
too  large  for  strxicture  determination. 

"UV  Resonance  Raman  Studies  of  Protein  Structure" 

ROl  GM  30741-04  (Asher,  S.)  University  of  Pittsburg 
"Ultraviolet  Laster  Resonance  Raman  Studies  of  Proteins" 

ROl  GM  32323-03  (Hudson,  B.)  University  of  Oregon 

Althou^  C.  K.  Raman  discovered  the  Raman  effect  in  the  1920 's,  a  discovery  for 
v^iich  he  received  the  Nobel  Prize  in  1930,  the  use  of  Raman  spectroscopy  to 
study  biological  systems  is  relatively  new.  In  its  sinplest  terms,  Raman 
spectroscopy  makes  use  of  scattered  light  to  determine  vibrational  bands  of  a 
molecule.  A  diagram  of  a  sinple  Raman  spectrometer  is  shown  below.  The  Raman 
bands  are  those  v^idh  appear  at  lower  energies  from  the  Rayleigh  or  nain  scat- 
tering peak.   The  differences  in  wavelength  represent  vibrational  frequencies 
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of  the  bonds  being  exairdned.  These  energies  give  funcSamental  information 
about  the  bending  and  stretching  about  these  bonds.  Ranan  spectrosccpy  has 
certain  advantages  over  infrared  spectroscc^jy,  vy*iich  measures  essentially  the 
same  thing.  The  main  advantage  for  biological  systems  is  that  vibrational 
spectra  can  be  easily  measured  in  water,  a  task  v»hich  is  difficult  in  infrared 
spectrosccpy . 
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For  many  years,  hcwever,  the  use  of  Raman  spectroscopy  retrained  dormant  for 
lack  of  a  suitably  intense  monochromatic  light  source.  The  situation  changed 
dramatically  with  the  introduction  of  lasers.  A  second  major  advance  was  the 
discovery  that  if  a  molecule  is  excited  at  an  absorption  band,  the  Raman  effect 
is  markedly  enhanced  leading  to  much  greater  sensitivity.  The  latter  discov- 
ery, called  resonance  Raman  spectroscopy,  has  led  to  the  study  of  a  number  of 
proteins  with  prosthetic  groups,  e.g.,  heme  proteins,  vihich  absorb  light  in 
the  visible  region  of  the  spectrum.  Although  the  Raman  spectra  of  biological 
macromolecules  are  extretiely  sensitive  to  changes  in  secondary  structure  because 
vibrational  bands  are  affected  by  hydrogen  bonds  involved  in  helical  and  sheet- 
structures,  the  use  of  Raman  spectroscopy  to  probe  protein  and  nucleic  acid 
stnactures  has  lagged  because,  in  the  absence  of  a  prosthetic  group,  these 
groups  only  absorb  light  in  the  ultraviolet  (uv)  region  of  the  spectrum.  Thus, 
in  the  absence  of  lasers  vshich  emit  light  in  the  uv,  it  was  inpossible  to  take 
advantage  of  the  resonance  effect. 

The  situation  has  changed  dramatically  with  the  introduction  of  pulsed  Nd  YAG 
lasers.  Two  NIGMS  grantees,  Drs.  Hudson  and  Asher,  have  used  various  harmonics 
of  the  Nd  YAG  laser  to  develop  instrumentation  capable  of  exciting  proteins 
and  nucleic  acids  in  the  uv.  Results  from  these  laboratories,  v*iile  still  in 
preliminary  stages,  demonstrate  the  potential  of  this  method. 
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Dr.  Asher  has  taken  advantage  of  the  enhanced  sensitivity  of  resonance  Raman 
to  study  the  Ranan  spectra  of  polycyclic  arcsnatic  hydrocarbons  (PAH's)  selec- 
tively in  rat  liver  microsones,  a  first  step  in  a  new  program  to  examine  PAH 
iietabolism  in  an  almost  "in  vivo"  system.  As  a  side  product  to  this  research, 
Dr.  Asher  developed  a  new  optical  dispersion  device  vAiich  can  be  tuned  to 
"reflect"  a  narrow  wavelength  v^ile  transmitting  light  in  adjacent  spectral 
regions.  The  efficiency  and  ncirrcw  bandwidth  of  this  device  permit  unique 
applications  in  spectroscopy.  Inportantly,  Dr.  Asher  has  constructed  a  con- 
tinuously tunable  uv  Raman  spectrometer,  v^iich  may  well  serve  as  the  basis  for 
a  lew-cost  high  sensitivity  cotimercial  instrument. 

The  few  studies  v^ich  have  been  done  on  proteins  and  related  models  point  to 
intriguing  possibilities  for  future  use.  In  corplementary  studies,  Drs.  Hudson 
and  Asher  have  measured  the  resonance  Raman  spectra  of  N-methylacetamide,  a 
model  for  peptide  bonds  in  the  far  uv.  These  studies  shew  that  in  the  190  nm 
spectral  region,  the  transition  is  doninated  by  the  pi-pi*  transition  rather 
than  the  n-p*  transition,  an  observation  of  iirportance  to  theoreticians  study- 
ing protein  structure.  These  results  also  suggest  that  peptide  backbone  vibra- 
tions will  also  shew  selective  enhancement  in  proteins  for  uv  excitation  at 
190  nm,  a  result  of  iirportance  for  future  studies  on  proteins.  Other  results 
from  Dr.  Hudson's  laboratory  shew  considerable  promise  in  being  able  to  dis- 
tinguish between  cis  and  trans  peptide  bonds  involving  proline  residues.  The 
conversion  between  cis  and  trans  prolines  has  been  shown  to  be  extremely  im- 
portant in  our  understanding  of  the  mechanisms  of  protein  folding.  Thus  the 
potential  ability  to  distinguish  them  spectroscepically  has  considerable  poten- 
tial for  the  study  of  protein  folding. 

Thus,  although  Raman  spectroscopy  has  been  used  for  over  50  years,  it  has  been 
the  developrent  of  new  instmjmentation  in  the  last  two  years  v*^ch  point  to 
the  future  use  of  Raman  spectroscopy  as  a  routine  tool  for  the  study  of  protein 
structure. 

"Mathematical  Modeling  of  Human  Circadian  Rhythms" 
ROl  GM  30719-01  (Kronauer,  R. )  Harvard  College 

Chronobiologists  are  striving  to  gain  an  understanding  of  a  number  of  biolog- 
ical rhythms  and  the  mechanisms  (biological  clocks  or  pacemakers)  vyhich  control 
them.  The  biological  events  which  have  a  near  24  hour  period  (commonly  ref- 
erred to  as  circadian  rhythms)  include  core  and  skin  tertperature,  Cortisol 
secretion,  REM  (Rapid  Eye  Movement)  sleep,  and  sleep-wake  (SW)  cycle.  Experi- 
ments to  date  have  determined  that  these  circadian  rhythms  are  controlled  by 
twD  separate  pacorekers  v»hich  may  or  may  not  have  a  ccniTon  neural  substrate. 
The  pacemakers  differ  in  that  one  is  a  "deep"  stable  circadian  oscillator 
v^ich  is  not  readily  influenced  by  external  factors.  This  "deep"  oscillator 
controls  the  core  terrperature,  Cortisol  secretion  and  REM  sleep.  It  is  known 
as  the  "x"  oscillator,  and  it  does  not  vary  by  much  over  an  hour  in  either 
direction  of  its  24  hour  period.  The  second  circadian  oscillator  is  more 
labile.  It  controls  the  skin  torperature  and  the  SW  cycle.  In  free-run 
(desynchronized)  individuals  the  labile  or  "y"  oscillator  may  have  a  period 
of  from  24  to  50  hours.  Desynchronization  can  arise  from  either  the  lack  of 
external  time  cues  or  froca  organic  causes  and  can  have  a  devastating  effect  on 
the  subject. 

Dr.  Richard  E.  Kronauer,  the  Gordon  McKay  Professor  of  Mechanical  Engineering 
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at  Harvard  University  (GM  30719-01),  developed  a  mathematical  model  of  circa- 
dian  rhythms  vd.th  data  obtained  frcm  a  nunriber  of  investigators  at  Harvard  and 
Cornell.  The  model  has  been  used  to  interpret  data  ODnceming  entrainment  of 
the  "x"  and  "y"  oscillators  to  external  time  cues  ("Zeitgebers"  or  time 
setters)  of  varying  lengths.  The  adjusted  nodels  were  used  to  make  predictions 
concerning  these  biological  clocks  with  different  time  cues.  The  predictions 
of  the  model  are  validated  by  experimental  results.  Dr.  Kronauer's  model  of 
two  loosely  coupled  oscillators  to  simulate  "x"  and  "y"  pacemakers  has  success- 
fully simulated  a  number  of  kncwn  experimental  results.  The  model  is  now 
being  used  to  design  new  ejcperiments  that  should  help  to  uncover  the  basic 
irechanisms  of  these  biological  rhythms  and  their  physiology. 

The  model  has  contributed  the  discovery  of  a  3-4  hour  zone  during  v^vLch  the 
onset  of  sleep  is  inhibited  ( forbidden) .  This  sleep  inhibitory  effect  is 
controlled  by  the  "x"  oscillator  and  can  influence  the  SW  cycle  of  the  "y" 
oscillator  causing  episodes  of  inscmnia  even  in  sleep  deprived  subjects. 

Dr.  Kronauer  proposes  to  continue  to  modify  this  twD  oscillator  model  to  better 
conform  to  experimental  data  and  continue  to  use  the  validated  model  to  simu- 
late new  experimental  condition.  He  proposes  to  use  a  number  of  physical 
factors  to  determine  if  the  "x"  or  "y"  oscillators  can  be  entrained.  A  greater 
understanding  of  circadian  rhythms  is  necessary  to  inprove  the  vrork  schedules 
of  airline  crews  and  to  help  shift  workers  and  transmeridional  travelers  to 
adjust  to  dramatic  changes  in  their  time  cues. 

Physiological  Sciences 

I.   Inflanmatory  Response  to  Injury 

Sepsis,  shock,  and  pulmonary  ccnplications  remain  a  major  ccxtplication  and 
cause  of  death  in  seriously  burned  patients.  Definition  of  the  inmunologic 
and  physiologic  alterations  following  bum  injury  has  been  an  active  pursuit 
of  many  investigators.  In  recent  years,  rtony  of  these  changes  have  been  shewn 
to  be  associated  with  the  release  of  potent  mediators  v\Siich  are  actively  in- 
volved in  the  tissue  damage,  particularly  in  the  lungs  of  the  bum  victim. 
Understanding  the  biochanical  interactions  of  inportant  pathways,  primarily 
ccxiplement  and  aracihidonic  activation  and  the  fomation  of  oxygen  radical 
products,  are  prerecjuisite  to  developing  protocols  for  the  regulation  of  the 
inflammatory  responses.  It  is  now  being  demonstrated,  as  noted  in  the  inves- 
tigations of  Dr.  Peter  Ward  outlined  below,  that  ccxiplement  derived  cJiemo- 
tactic  substances,  primarily  C5a,  are  instrumental  in  the  production  of  second- 
ary lung  tissue  damage  by  the  activation  of  neutrophils. 

"Thermal  Injury,  Conplement  and  Leukocyte  Dysfunction" 
ROl  GM  28499-05  (Ward,  P.  A.)  University  of  Michigan  at  Ann  Arbor 

These  studies  of  skin  thermal  injury  in  rats  have  detonstrated  the  onset 
of  the  systanic  activation  of  ccrrplement,  acquisition  of  phagocytic  cell  de- 
fects, and  the  development  of  secondary  lung  injury. 

Dr.  Ward  has  shown  that  thermal  injury  to  the  skin  of  anesthetized  rats  results 
in  the  progressive  consumptive  depletion  of  total  hemolytic  serum  conplemsnt 
activity  and  the  appearance  of  a  short-lived  neutrcphil  chemotactic  activity  in 
the  serum.  The  observation  that  the  addition  of  antibody  directed  against  huitan 
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C5a  ccxtpletely  suppresses  the  chemotactic  activity  of  burn  serum  in  vitro, 
suggests  that  thernel  injury  of  skin  results  in  ccsiplement  activation  and  gen- 
eration of  C5-derived  chemotactic  activity.  Coincidental  with  the  appearance  of 
peak  levels  in  serum  of  the  C5-derived  chemotactic  activity  is  a  transient 
neutropenia  that  may  be  caused  by  a  cotibination  of  increased  adherence  of 
neutrophils  to  vascular  endothelial  cells  and  the  sequestration  of  blood 
neutrophils  vd.thin  the  interstitial  capillaries  of  the  lungs  and  other  organs. 
The  role  of  coiplement  activation  and  sequestration  of  neutrophils  in  the 
developjnent  of  acute  lung  injury,  as  denonstrated  by  significant  increases  in 
lung  vascular  permeability,  were  related  by  the  finding  of  morphological 
changes  postbum  that  included  alveolar  hemorrhage,  interstitial  edona  and 
aggregates  of  neutrophils  in  pulmonary  capillaries,  and  the  observation  that 
depletion  of  the  corplement  systan  or  blood  neutrophils  prior  to  thermal 
injury  resulted  in  almost  ccxiplete  protection  fran  acute  lung  microvascular 
injury. 

The  data  obtained  thus  far  suggest  that  lung  vascular  injury  following  skin 
thermal  injury  is  related  to  the  generation  of  oxygen-derived  free  radicals  by 
cdtploTient-activated  neutrophils.  Treatment  of  thermally  injured  animals  with 
catalase,  an  enzyme  v^ch  converts  hydrogen  peroxide  to  oxygen  and  water,  re- 
sults in  a  dramatic  reduction  in  lung  damage.  Additional  observations  indicate 
that  the  hydroxyl  radical,  an  iron-mediated  conversion  product  of  hydrogen  per- 
oxide, may  be  the  most  inportant  oxidant  involved.  Treatment  with  scavengers 
of  the  hydroxyl  radical  (dimethyl  sulfoxide,  dimethyl  thiourea,  sodium  ben- 
zoate)  or  with  iron-chelating  substances  (deferoxamine  mesylate,  2,3-dehy- 
droxybenzoic  acid)  protected  the  lungs  of  the  thermally  injured  rat  as  assessed 
by  changes  in  vascular  permeability  and  by  morphological  parameters. 

It  has  also  been  found  that  the  same  interventions  (administration  of  catalase, 
hydroxyl  radical  scavengers  and  iron  chelators)  that  protect  against  the  accumu- 
lation of  neutrophils  in  the  lungs  and  the  stimulation  of  these  cells  to  pro- 
duce lung  tissue-damaging  oxygen  radicals  also  significantly  diminish  the 
tissue  and  plasma  levels  of  lipid  peroxidation  products  that  appear  after  burn 
injury.  There  is  an  increasing  body  of  evidence  that  these  peroxidation  pro- 
ducts, conjugated  dienes,  may  play  a  role  in  the  suppression  of  phagocyte 
function.  Overall,  these  experimental  findings  provide  a  basis  for  a  better 
understanding  of  the  pathogenic  mechanisms  leading  to  the  pulmonary  conplica- 
tion  of  bum  injury  and  may  also  provide  some  suggestions  for  new  therapeutic 
interventions  in  the  treatment  of  burn  victims. 

II.  Artificial  Skin 

A  notable  developnent  has  been  the  increased  research  interest  and  work  on 
artificial  skin.  Follcwing  a  severe  and  extensive  bum,  one  of  the  prime 
needs  is  to  quickly  replace  the  skin,  in  order  to  avoid  infection,  prevent 
fluid  loss,  and  retain  body  heat.  The  first  two,  especially,  are  life  threat- 
ening problems  that  must  be  dealt  with  quickly,  preferably  in  a  matter  of  days. 
In  the  case  of  very  extensive  bums,  the  time  honored  practice  of  grafting  the 
patient's  cwn  skin  onto  the  wounds  cannot  be  followed  since  an  insufficient 
amount  of  unbumed  skin  is  available;  other  covering  material  must  be  found. 
Here  the  problem  is  the  body's  normal  reaction  to  foreign  material,  be  it 
synthetic  or  fron  another  organism.  Graft  rejection  is  a  familiar  problem 
from  transplant  surgery  and  has  been  dealt  with  in  a  number  of  ways,  as  reflec- 
ted in  the  exanples  given  belov.   One  way  around  the  problem  may  be  to  airplify 
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the  patient's  skin  in  cell  or  tissue  culture,  either  in  vitro  or  in  place  on 
the  patient.  An  obvious  challenge,  v^en  these  methods  are  used,  is  to  minimize 
the  time  between  the  accident  and  the  covering  of  the  wound.  Another  desidera- 
tum is  to  minimize  the  pain  and  need  for  anesthesia  that  go  with  each  grafting 
operation. 

"Design  and  Evaluation  of  an  Artifical  Skin" 
ROl  GM  23946-09  (Yannas,  I.  V.)  Massachusetts  Institute  of  Technology 

Dr.  Yannas  and  Dr.  Burke  of  the  Massachusetts  General  Hospital  have  produced 
a  biodegradable  collagen-glycosaminoglycan  membrane  that  functions  as  a  dermal 
layer  with  a  Silastic  overlay.  This  material  has  been  used  on  patients  but 
has  required  final  autografting  v\^en  large  areas  have  to  be  covered  to  provide 
an  epidermal  covering.  In  the  second  stage  of  this  work,  a  small  area  of  un- 
bumed  epidermis  is  harvested  from  the  patient  at  the  time  of  the  original 
excision  of  burned,  dead  tissue  and  processed  to  obtain  a  suspension  of  single 
basal  cells.  The  basal  cells  are  then  seeded  on  the  artificial  dermis  just 
under  the  Silastic  sheet  to  form  a  new  epidermal  layer  derived  from  the  pa- 
tient's own  cells  and  then  used  immediately  to  cover  the  burned  areas.  This 
process  has  been  acccxtplished  using  animals  and  is  new  being  tested  in  pa- 
tients . 

"Bum  Trauma  Center" 

P50  C3^  21700-11  (Burke,  J.  F.  and  Ehrlich,  H.  P.)  Massachusetts  General 
Hospital 

Dr.  Ehrlich 's  wound  healing  project,  a  part  of  Dr.  Burke's  research  center 
grant,  includes  a  study  of  the  modification  of  the  present  artificial  membrane 
used  by  Drs.  Burke  and  Yannas.  The  grcwth  of  new  blood  vessels  into  healing 
wounds  is  inportant  for  the  generation  of  a  nav  connective  tissue  rtatrix  essen- 
tial to  the  repair  process.  Using  a  wound  healing  model  in  rats  and  mice, 
Ehrlich  has  found  that  vv^ien  the  artificial  col lagen-GAG-Si last ic  membrane  of 
Yannas  and  Burke  is  suspended  in  a  heparin  solution  before  its  use  as  a 
graft,  vessel  gravth  into  the  synthetic  material  occurred  within  7  days  \ftS-iere 
none  occurred  before.  This  growth  was  associated  with  increased  connective 
tissue  deposition  and  cellular  density  of  the  graft. 

On  the  other  hand,  the  suspension  of  the  artificial  membrane  in  a  solution 
of  protamine  prior  to  grafting  inhibits  the  proliferation  of  fibroblasts, 
the  deposit  of  connective  tissue,  and  vascular  ingrcwth  in  the  artificial 
membrane  rratrix.  Thus,  it  may  be  possible  to  produce  modified  artificial 
skin  VN^ere  the  quantity  and  quality  of  the  new  connective  tissue  formed  can 
be  controlled.  The  end  results  could  be  inproved  healing  and  better  cosmetic 
results . 

"Living  Prosthetic  Skin" 
ROl  GM  35068-01  (Hansbrough,  J.  F. )  University  of  California,  San  Diego 

Drs.  Hansbrou^  and  Boyce  have  developed  methods  for  the  convenient  and  rapid 
growth  of  human  epidermal  keratinocytes  in  defined  media,  and  for  the  control 
of  keratinocyte  differentiaton  in  culture.  They  have  also  studied  conditions 
for  attachment  and  proliferation  of  keratinocytes  on  the  collagen-GAG  membrane 
produced  by  Drs.  Yannas  and  Burke.   Single  cell  suspensions  of  keratinocytes 
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are  inoculated  at  a  density  of  1250  cells/cm^  into  a  plastic  petri  dish  con- 
taining the  membrane  and  a  culture  medium  supplemented  with  epidermal  growth 
factor,  insulin,  hydrocortisone,  ethanolamine  and  phosphoethanolamine .  The 
investigators  have  defined  various  media  requirements  which  will  control  the 
development  of  single  cell  line  cultures  vA\en  mixed  cell  populations  containing 
both  fibroblasts  and  keratinocytes  are  added  to  the  culture  media.  They  have 
found  that  discrete  colonies  of  keratinocytes  form  on  the  membrane  in  15-26 
days  and  their  grcwth  is  enhanced  by  the  addition  of  human  serum  albumin  and 
increased  extracellular  calcium  ion  concentration  vAiich  encourages  multi-layer- 
ing of  keratinocytes  on  the  membrane.  The  porous  structure  of  the  membrane, 
however,  permits  it  to  be  invaded  by  growing  colonies  of  keratinocytes  vvhich 
is  an  undesirable  characteristic.  The  current  studies  include  modifying  the 
pore  structure  at  one  surface  of  the  membrane  so  that  the  keratinocytes  will 
be  restricted  from  penetrating  the  "external"  face  of  the  membrane  v^ile  leav- 
ing the  pores  of  the  "internal"  face  large  enough  for  fibroblast  and  vascular 
invasion.  They  anticipate  that  the  procedure  will  allcw  cells  fron  a  small 
amount  of  the  patient's  unbumed  skin  to  be  expanded  rapidly  and  used  to  make 
a  permanent  graft  with  minimal  risk  of  rejection. 

"Ccnposite  Grafts  in  the  Treatment  of  Thermal  Injury" 

ROl  GM  30407-03  (Baxter,  C.  R. )  University  of  Texas  Health  Science  Center, 
Dallas 

Dr.  Baxter  has  attorpted  to  develop  a  ccitposite  of  cadaver  skin  dermis  and 
vacuum  blister-prepared  sheets  of  autologous  epidennis.  The  graft  was  origi- 
nally tested  on  a  rat  bum  model  and  successful  engraftment  with  ccarplete 
epidermal  coverage  and  an  absence  of  wound  contracture  was  observed.  Subse- 
quently split  thickness  cadaver  allografts  (consisting  of  the  superficial  part 
of  the  dermis  and  the  epidermis)  were  placed  on  full  thickness  bum  wounds  of 
eight  patients.  Three  to  five  days  later  the  entire  epidermis  was  removed  frcm 
the  allograft  and  vacuum  blister  sheets  of  autologous  epidermis  were  grafted 
to  the  exposed  denral  surface.  Grafting  was  successful  in  all  patients. 
Follow-up  studies  of  the  wound  areas  have  shown  repigmentation  of  the  grafted 
area  with  little  or  no  contracture  and  minimal  visible  scarring.  There  has 
been  no  delayed  graft  rejection.  The  epidermal  donor  areas  all  healed  without 
scarring  and  could  not  be  differentiated  fron  normal  skin  within  four  to  six 
months. 

"Bum  and  Trauma  Research  Center" 

P50  GM  26145-07  (Shires,  G.  T.  and  Hefton,  J.  M. )  Cornell  University  Medical 
Center 

Dr.  Hefton,  as  part  of  the  studies  being  supported  in  Dr.  Shires'  Bum  and 
Trauma  Research  Center,  is  developing  a  skin  equivalent,  ccarposed  of  allogeneic 
epidermal  cells  cultured  on  a  substitute  dermis  of  collagen,  vvhich  will  provide 
a  permanent  covering  for  full-thickness  bums.  Partial-thickness  pieces  of 
cadaver  skin  were  collected  in  sterile  culture  medium  with  fetal  bovine  serum 
and  antibiotics.  The  epidermal  layer  was  removed  fron  the  dermal  part  after 
incubation  with  trypsin  and  the  epidermal  sheets  mechanically  divide^  into 
single  cell  suspensions.  The  nuniber  and  viability  of  the  cells  were  determined 
and  they  were  seeded  into  plastic  culture  flasks.  Epidermal  cells,  grown  in 
this  manner,  stratified  in  culture  and  yielded  raultilayered  membranes  of  par- 
tially differentiated  cells  resaribling  skin  epidermis.  By  exaitdning  the  growth 
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diaracteristics  of  these  cultured  epidermal  cells,  it  has  been  found  the  addi- 
tion of  calcium  and  epidermal  growth  factor  (EGF)  alters  the  cell  morphology 
to  a  spindle-shaped  cell  as  carpared  to  the  polygonal  shape  observed  without 
BGF.  In  addition,  the  cultures  reacihed  confluency  sooner  and  only  stratified 
to  a  maximum  of  two  to  three  cell  layers.  The  addition  of  dexamethasone  in- 
creases the  attachment  and  proliferation  of  the  cells  and  has  allowed  the 
investigators  to  increase  the  number  of  epidermal  cells  throu^  serial  passage. 
Further  studies  are  underway  using  cryopreserved  and  thawed  cells. 

"Cyclosporin  A  and  Skin  Allografts  for  Bum  Management" 
ROl  GM  31974-02  (Achauer,  B.   M.)  University  of  California,  Irvine 

Cyclosporin  A  (CyA) ,  a  new  immunosuppressive  drug  inhibits  T-lyrrphocytes  selec- 
tively and  therefore  may  not  totally  reduce  inmunocarpetence  to  bacterial  in- 
fection. Many  types  of  allotransplantation  are  new  routinely  successful  be- 
cause because  of  this  drug  (heart,  heart- lung,  liver,  pancreas) . 

Dr.  Achauer  has  shewn  that  skin  allografts  on  burned  rats  are  not  rejected 
vfhen  CyA  is  administered  concurrently.  While  the  immune  response  to  allo- 
antigens  is  suppressed,  the  response  to  bacterial  infection  is  at  least  par- 
tially retained.  The  studies  are  investigating  the  interaction  and  catibina- 
tion  of  massive  thermal  injury  and  its  immunosuppressive  nature,  the  use  of 
large  amounts  of  allogeneic  material  required  to  cover  a  large  bum,  and  the 
minimal  effective  CyA  dose  to  successfully  inhibit  rejection  v^ile  allowing 
enough  inmunocoTpetence  to  counter  bacterial  infection. 

"Regeneration  of  Epidermis  by  Grafting  Cultured  Cells" 
ROl  GM33158-01A1  (Green,  H.)  Harvard  University 

Dr.  Green  and  his  collaborators  have  demonstrated  it  is  possible  to  take  a 
small  sanple  of  full  thickness  epidermis  from  a  badly  burned  patient  and  grow 
the  cells  in  culture  so  as  to  obtain  enough  cultured  epithelium  to  cover  large 
areas,  and  v\^en  this  cultured  epithelium  is  grafted  to  humans  under  clinical 
conditions,  a  high  frequency  of  take  is  obtained.  The  current  research  efforts 
of  Dr.  Green  and  his  collaborators  include:  a  study  of  the  multiplication  and 
terminal  differentiation  of  keratinocytes  in  culture  in  order  to  learn  how  to 
control  those  factors  that  govern  graft  behavior;  a  ccarparison  of  cultures 
derived  from  different  donor  sites  and  their  effectiveness  in  grafting  and  the 
quality  of  the  skin  regenerated;  and  a  study  of  methods  of  preserving  cultures, 
both  in  frozen  and  metabolically  active  states. 
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MINORITY  ACCESS  TO  RESEARCH  CAREERS  PROGRAM 

OBJECTIVES 

The  Minority  Access  to  Research  Careers  (MARC)  Program  was  formally  established 
in  1975,  and  is  a  unique  researcih  training  support  program  administered  by  the 
National  Institute  of  General  Medical  Sciences  in  collaboration  with  other 
institutes  of  the  National  Institutes  of  Health.  The  primary  goals  of  the  MARC 
Program  are  to  increase  the  number  and  capabilities  of  minority  scientists 
engaged  in  bicxtiedical  research  and  to  strengthen  science  curricula  eind  research 
opportunities  at  minority  institutions  in  order  to  prepare  students  for  careers 
in  biomedical  research.  To  achieve  these  goals,  the  MARC  Program  uses  both 
institutional  research  training  grants  and  individual  fellowships.  These  are: 
the  MARC  Faculty  Fellcwship,  the  MARC  Visiting  Scientist  Award,  the  MARC  Honors 
Undergraduate  Research  Training  Grant,  and  the  MARC  Predoctoral  Fellowship. 

PROGRAM  COMPONENTS 

The  MARC  Faculty  Fellowship,  the  first  of  the  four  MARC  support  mechanisms 
developed,  provides  opportunities  for  advanced  research  training  for  selected 
faculty  men-ibers  of  4-year  colleges,  universities,  and  health  professional 
schools  in  vhich  student  enrollments  are  drawn  substantially  from  ethnic  minor- 
ity groups  (such  as  American  Indians,  Blacks,  Hispanics,  and  Pacific  Islanders). 
These  institutions  may  nominate  faculty  members  for  MARC  fellowships  for  a 
period  of  up  to  3  years  of  advanced  study  and  research  training,  either  as 
candidates  for  the  Ph.D.  degree  or  as  investigators  obtaining  postdoctoral 
research  training  in  tlie  biomedical  sciences.  Faculty  Fellcws  are  expected  to 
return  to  the  nominating  institutions  at  the  completion  of  their  training. 

MARC  Faculty  Fellows  are  selected  on  a  conpetitive  basis.  Evaluation  is  based 
upon  the  applicant's  qualifications  and  potential  for  research  and  training,  as 
evidenced  by  academic  records,  reference  reports,  and  publications,  as  well  as 
by  the  research  training  proposal,  the  proposed  training  situation  (i.e.,  the 
sponsor's  and  the  institution's  training  facilities  and  staff),  and  other 
relevant  inforrration. 

The  second  support  mechanism,  the  MARC  Visiting  Scientist  Award,  provides  fi- 
nancial support  for  outstanding  scientist-teachers  to  serve  as  visiting  scien- 
tists at  4-year  colleges,  universities,  and  health  professional  schools  \Ahere 
student  enrollments  are  drawn  substantially  fran  ethnic  groups.  The  prinary 
intent  of  this  award  is  to  help  strengthen  researcl-i  and  teaching  programs  in 
the  bicxnedical  sciences  for  the  benefit  of  students  and  faculty  at  these  insti- 
tutions by  allowing  them  to  draw  upon  the  special  talents  of  expert  scientists 
from  other  institutions.  Reciprocal  benefits  should  accrue  to  the  Visiting 
Scientist  through  the  added  experience  gained  by  his  or  her  involvement  in 
innovative  science  education  and  research  development  programs. 

The  proposal  must  include  arrangonents  for  the  Visiting  Scientist  to  reside  in 
the  campus  community  and  to  participate  fully  in  programs  of  teaching,  develop- 
ment of  research,  and/ or  counseling,  as  outlined  by  the  institution.  Evidence 
of  negotiations  and  of  soffne  tentative  agreement  between  the  applicant  institu- 
tion and  the  scientist-teacher  nominated  to  serve  as  the  MARC  Visiting  Scientist 
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should  be  provided  as  a  pairt  of  the  application.  The  individuals  noidnated 
should  be  recognized  scholars  and  leaders  in  the  bicanedical  sciences.  Pro- 
posals may  request  support  for  periods  ranging  fran  one  acadordc  quarter  to  a 
maximum  of  1  year.  Stipends  are  determined  on  an  individual  basis,  according 
to  the  nominee's  current  salary  or  other  possible  source  of  stipend  support  for 
the  proposed  period  in  residence. 

The  MARC  Honors  Undergraduate  Research  Training  Grant,  the  third  jmechanism  of 
support,  was  initiated  at  the  suggestion  of  Congress  and  Institute  consultants 
and  staff  as  a  means  of  anphasizing  the  value  and  importance  of  providing  bio- 
medical research  training  at  the  undergraduate  level  in  minority  institutions. 
The  objectives  of  the  program  are:  to  increase  the  number  of  well-prepared 
students  v\ho  can  caipete  successfully  for  entry  into  graduate  programs  leading 
to  the  Ph.D.  degree  in  the  bicmedical  sciences,  to  help  develop  a  strong  under- 
graduate science  curriculum,  and  to  stimulate  an  interest  in  undergraduate 
research  as  preparation  for  graduate  study  in  the  bicmedical  sciences. 

Training  support  is  offered  to  carefully  selected  undergraduate  honors  students 
at  4-Year  colleges,  universities,  and  health  professional  schools  in  v\*iich  stu- 
dent enrollments  are  drawn  substantially  fran  ethnic  minority  groups.  Each 
institutional  grant  is  awarded  for  a  maximum  period  of  5  years.  These  honors 
programs  for  third-  and  fourth-year  students  should  be  designed  to  improve 
significantly  the  research  training  capabilities  of  the  minority  institutions. 
Z^plications  for  support  should  provide  information  regarding  proposed  rrecha- 
nisms  to  augnent  and  inprove  the  science  curricula,  strengthen  tlie  faculty,  and 
inprove  laboratory  facilities.  Funds  are  available  for  research  equipn-ent  and 
supplies  essential  to  the  program,  stipends,  tuition,  fees,  and  limited  travel 
costs  for  the  trainees.  Arrangements  for  special  training  at  universities  and 
laboratories  other  than  the  grantee  institution  are  judged  essential  and  should 
be  described  in  the  application. 

The  fourth  ccrponent  of  the  program  is  the  MARC  Predoctoral  Fellowship,  V\hich 
provides  support  for  research  training  leading  to  the  Ph.D.  degree  in  the 
bicmedical  sciences  for  selected  students  v\ho  are  graduates  of  the  MARC  ttonors 
Undergraduate  Research  Training  Prograra.  It  is  expected  that  such  training  will 
be  conducted  in  graduate-degree  programs  of  the  highest  quality.  Support  is 
not  available  to  individuals  enrolled  in  medical  or  other  professional  schools, 
unless  they  are  enrolled  in  a  canbined  degree  (M.D. -Ph.D. )  program.  Awards  are 
conditional  upon  acceptance  into  a  specified  doctoral  (Ph.D.)  degree  prograra  in 
biomedical  research. 

MARC  Predoctoral  Fellows  are  selected  on  a  highly  cotpetitive  basis.  A  maximum 
of  5  years  of  support  may  be  recanmended,  based  on  the  merit  of  the  application 
and  evidence  of  satisfactory  progress  in  the  doctoral  program  in  vAiich  a 
successful  applicant  is  enrolled.  The  award  provides  an  annual  stipend  to  the 
student  and  funds  to  help  defray  the  e}q)enses  of  tuition,  fees,  and  supplies. 

ORGANIZATION  AND  STAFFING 

The  MARC  Program  is  administered  ''a^  its  Director,  Mr.  Elward  Bynum,  and  one 
professional  staff  member,  Mrs.  Dolores  L.  Lowery,  as  program  administrator. 
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In  addition,  the  senior  consultant  to  the  Institute,  Dr.  Geraldine  P.  \toods, 
provides  ongoing  assessment  and  evaluation  of  the  program. 


HIGHLIQEiTS 

Since  the  inception  of  the  MARC  Faculty  Fellowship  Program  in  1972,  approxi- 
mately 444  applications  for  MARC  fellowship  support  have  been  received,  and 
193  individuals  have  received  support  under  the  program.  These  individuals 
include  115  predoctoral  and  78  postdoctoral  award  recipients.  Of  the  115  pre- 
doctoral  fellcws,  97  have  new  received  the  Ph.D.  degree;  of  the  78  postdoc- 
toral fellcws,  69  have  cotpleted  their  training.  Overall,  89  percent  of  those 
vi^o  have  ccnpleted  the  program  have  returned  either  to  the  original  hone  insti- 
tution or  to  another  minority  institution. 

The  research  training  sites  have  included  70  universities,  research  laborato- 
ries, and  federal  institutions  in  32  states  and  5  foreign  countries.  The  heme 
institutions  are  broadly  representative,  including  68  universities  in  23  states 
and  the  Ccmmonwealth  of  Puerto  Rico. 

There  has  been  little  change  in  the  level  of  support  for  the  Visiting  Scientist 
Award  Program.  Only  9  awards  have  been  provided,  based  on  16  applications 
revi&fied.  The  requiranent  for  considerable  advance  planning  by  tlie  host 
institution  and  the  prospective  Visiting  Scientist  nay  have  tetrpered  a  fuller 
usage  of  this  award.  HcMever,  concerted  efforts  to  advertise  and  encourage 
applications  for  the  Visiting  Scientist  Award  are  being  made  by  program  staff. 
The  MARC  Review  Camattee  and  the  National  Advisory  General  Medical  Sciences 
Council  strongly  support  continuation  of  this  award  mechanism. 

To  date,  258  applications  for  the  Honors  Undergraduate  Researc±i  Training  Grant 
Program  have  been  received,  of  v*iich  157  have  been  approved;  53  minority 
institutions  have  received  awards,  5  of  V\hich  were  second  5-year  awards.  In 
1984,  there  were  207  graduates.   In  1985,  the  program  had  192  graduates. 

In  January  1981,  the  National  Institute  of  General  Medical  Sciences  invited 
applications  for  individual  National  Research  Service  Award  MARC  Predoctoral 
Fellowships  to  initiate  this  ccmponent  of  the  IVIARC  Program.  Sixteen  applica- 
tions were  received,  of  viiich  14  were  approved  and  12  funded.  In  1982,  the 
Institute  received  29  applications,  of  vhich  19  were  approved  and  11  funded. 
In  1983,  42  applications  were  received,  25  approved  and  11  funded.  In  1984,  33 
were  received,  25  approved,  and  17  funded.  In  1985,  18  were  received,  13  were 
approved,  and  8  were  funded. 


EVALUATION 

Assessment  of  the  improvements  and  acccrcplishments  of  the  various  ccrrponents  of 
the  t'lARC  Program  is  a  continuing  effort  of  program  staff.  The  scientific 
ccrtimunity,  the  MARC  Review  Conmittee,  the  National  Advisory  General  Medical 
Sciences  Council,  and  special  Institute  consultants  cooperate  in  this  effort 
through  continued  interaction  with  program  and  other  NIC^IS  staff. 

Significant  accorplishments  of  the  program  include  the  following: 
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The  "honors"  concept  of  the  MZ\RC  Program  has  encouraged  institutions  that  are 
recipients  of  awards  to  establish  a  different  and  rinore  rigorous  program  for 
students  in  the  basic  sciences.  Many  have  incorporated  an  honors  thesis 
requirement  for  graduating  iMARC  students. 

The  provision  of  funds  for  seminars  and  lectures,  release  time  for  faculty 
matbers,  up-to-date  equipment  and  supplies,  as  well  as  the  addition  of  full- 
time  and  part-time  faculty  in  disciplines  not  formerly  represented  have  all 
contributed  to  academic  enrichment.  In  addition,  specialized  courses  have  been 
set  up  to  prepare  students  to  take  standardized  tests — an  area  vhere  minority 
students  have  traditionally  been  weak. 

The  scientific  activities  of  grantee  departments  have  been  strengthened,  and  as 
a  result,  it ° has  beccane  more  ccmmon  for  I^IARC  faculty  maiibers  and  trainees  to  be 
invited  to  present  papers  at  local,  regional,  and  national  scientific  meetings. 
We  are  beginning  to  see  a  larger  nui±)er  of  students  serving  as  coauthors  of 
scientific  papers. 

The  MARC  Program,  with  its  emphasis  on  research,  has  produced  a  new  awareness 
of  the  possibilities  available  in  bicmnedical  research  among  students  histori- 
cally motivated  towards  careers  in  medicine,  dentistry,  and  education.  A 
higher  percentage  of  the  trainees  are  entering  graduate  schools. 

The  fact  that  MARC  students  are  performing  well  in  graduate  schools  has  pro- 
vided an  increased  number  of  "role  models"  for  mnority  students,  and  has 
resulted  in  a  significant  increase  in  the  number  of  science  majors  at  minority 
institutions  having  MARC  awards. 

We  are  new  seeing  a  number  of  the  graduates  of  the  Honors  Undergraduate  Re- 
search Training  Grant  Program  v\ho  were  supported  in  the  first  years  of  that 
avrard  preparing  to  receive  the  doctorate  in  1985.  Fran  information  available, 
they  have  done  extremely  well  and  are  viable  candidates  for  postdoctoral  sup- 
port at  prestigious  institutions. 


SUPPLEMENTAL  ACTIVITIES 

The  Fourth  MARC  Scholars  Conference  and  Program  Directors  Meeting  was  held  on 
October  1  through  3,  1984  at  the  National  4-H  Center  in  Chevy  Chase,  Maryland. 
One  hundred  and  thirty-four  MARC-supported  college  seniors  attended  the  confer- 
ence, t'teny  had  prepared  oral  and  poster  presentations  on  their  research  and 
spent  much  of  the  3  days  meeting  with  graduate  school  faculty  and  scientist 
representatives  of  the  National  Institutes  of  Health  to  discuss  opportunities 
in  graduate  education.  They  received  information  on  the  graduate  schoo^l  appli- 
cation process,  the  availability  of  financial  aid,  and  expectations  regarding 
the  Graduate  Record  Examination.  As  part  of  the  conference,  participants 
attended  scientific  seminars  and  toured  selected  NIH  research  laboratories. 
They  also  heard  welccming  renarks  by  Mr.  Elward  Bynum  and  a  keynote  address  by 
Dr.  Bertram  Fraser-Reid,  Professor,  Departnent  of  Chemistry/  Duke  University. 
Dr.  Michael  Potter,  Chief,  Laboratory  of  Genetics  in  the  Division  of  Cancer 
Biology  and  Diagnosis,  National  Cancer  Institute,  addressed  the  scholars  at 
lunch  on  the  first  day;  Dr.  Robert  Barker,  Provost,  Cornell  University,  spoke 
at  a  banquet  on  the  second  evening. 
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Also  held  on  the  second  day  was  a  scientific  seminar,  with  presentations  on  the 
state  of  the  art  in  various  research  areas  given  by  Dr.  Paul  St.  John,  Laboratory 
of  Neurophysiology,  National  Institute  of  Neurological  and  Comnunicative  Disor- 
ders and  Stroke;  and  Dr.  John  Dement,  Health  and  Safety  Manager,  National 
Institute  of  Environmental  Health  Sciences. 

On  the  final  day  of  the  conference,  a  concurrent  MARC  Program  Directors  Meeting 
was  held  to  provide  a  forum  for  the  improvement  of  prograra  planning  and  coordin- 
ation of  the  MARC  Honors  Undergraduate  Research  Training  Grants.  Discussions 
centered  on  a  number  of  issues  such  as  requirements  for  renaval  applications, 
requirements  for  predoctoral  applications,  training  for  faculty,  summer  re- 
search, training  programs,  the  impact  of  MARC  on  the  institutional  setting, 
the  use  of  the  visiting  scientist  program,  pre-MARC  student  activity,  and 
grants  management  issues  affecting  each  of  the  50  MARC  Program  Directors  in 
attendance . 

The  annual  meeting  of  the  American  Society  for  Microbiology  held  on  March  5-9, 
1984  in  Las  Vegas,  highlii^ted  on  its  agenda  a  round  table  discussion  on  MARC 
Program  activities.  The  directors  of  the  program  along  with  several  I^IARC  Program 
faculty  from  the  MARC  institutions  discussed  various  aspects  of  the  scope  and 
inpact  of  the  programs.  Questions  generated  in  this  forum  centered  on  the  summer 
research  corpDnents,  with  mar^  attendees  expressing  an  interest  in  having  lAMiC 
honor  students  in  their  laboratories. 

Plans  are  underway  to  present  the  program  at  the  annual  meetings  of  the  Federa- 
tion of  American  Societies  for  Experimental  Biology  and  the  American  Society 
of  Biological  Chemists  to  encourage  faculty  at  prestigious  institutions  to 
select  MARC  scholars  as  trainees. 
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Martha  A,  Brown  Clerk-Typist 
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